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Art. X VII.—Studies in the Cyperacew; by 
IX. The genus Lipocarpha R.Br. With nine figures in 
the text, drawn by author. 


THE genus Lipocarpha was established by Robert Brown 
upon some plants, which were formerly enumerated by Vahl 
as species of Hypelyptum. This latter generic name was, 
however, a corruption of “ Hypolytrum” a genus of Richard, 
and since Vahl had included certain species under this, which 
did not exhibit the generic character of Hypolytrum as under- 
stood by Richard, Robert Brown transferred these to his new 
genus Lipocarpha: L. argentea, L. sphacelata and L. fili- 
Sormis. 

As regards the derivation of the name Lipocarpha, this is 
not, as stated by American authors, derived from “ Aéros fat 
and xapdos chaff, from the thickness of the inner scales of 
some species,” but from “Adr@ fall off, drop,” “from the 
whole of its squamz being deciduous” as already stated by 
Robert Brown in the’ Botany of Congo; furthermore the inner 
scales are never “fat” but constantly membranaceous in the 
species of Lipocarpha, hitherto known. JLipocarpha is a 
small genus, containing only seven species according to 
Bentham and Hooker, six of which are described by Beeckeler ; 
in later years four more species have been recorded from West 
Africa by Ridley. While the genus is chiefly tropical, Z. 
maculata extends as far north as Virginia, and LZ. Sellowiana 
as far south as Buenos Ayres. The habit of the species is 
much the same, reminding one of Ayllinga, and they seem to 
prefer damp or periodically inundated ground. Considered 
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from a morphological view point, our genus possesses a main 
inflorescence composed of a few short and almost roundish 
spikes, surrounded by long, green involucral leaves. Each 
spike bears a number of spirally arranged bracts, inside of 
which are two minute, membranaceous scales, which surround 
a flower. The position of these inner scales is somewhat 
singular, being mediane, the lowest one being situated on the 
posterior face of rhacheola, the upper one on “the anterior face 
or a little distance above the supporting bract. Both of these 
scales are hyaline, nearly equal in length and apparently of the 
same shape, but only the anterior ‘supports a flower. The 
question is then to decide whether we have “ a one-flowered 
spikelet ” or “a single flower” before us, and this is a point 
that has always been so much disputed. 

It would seem most natural, however, to define the two 
scales and the flower as constituting a one-flowered spikelet, 
wherein the lower scale would represent the prophyllon of the 
rhacheola and the upper one the bract of the flower. The 
position of the lower scale corresponds exactly with that of a 
true prophyllon in other Cyperacee. Furthermore its anatom- 
ical structure shows us two prominent stereome-bundles and a 
distinct bicarinate outline, in contrast to the upper scale, the 
bract, in which we have observed a mediane mestome-bundle, 

corresponding with other bracts. The 

accompanying diagram of a spikelet of 

L. maculata shows us the supporting 

bract (B), in the axil of which is devel- 

oped a rhacheola with a dorsal prophyl- 

lon (P) and a bract (0), which supports 

the naked flower. — This explanation 

seems to us the most natural, when we 

consider the minor inflorescences of 
let of L. maculata, Expla- Other Cyperacee, where the rhacheola 
nation in the text. is often provided with a basal, empty 
prophyllon, bicarinate or tubular as in 

Carex, Cyperus, Dulichium, Fuirena and others. Although 
Robert Brown did not define the lower scale as a prophyllon, 
he considered, at least in his Botany of Congo,* the minor 
inflorescence of ———_ as a spikelet, not as a single 
flower, a suggestion that was, also, followed by Kunth, Torrey, 
Beeckeler and apparently Baillon. Other authors have 
held the opinion that there is “a single flower ” instead of a 
spikelet, for instance: Vahl, Nees von Esenbeck, Liebmann, 
Michaux, Bentham, Ridley, Gray, Schumann, Pax and Goebel. 
Pax describes the flower as possessing two prophylla: “ eine 
hermaphrodite mit zwei medianen Vorblittern versehene 


* For references consult the bibliography appended to this article. 
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Bliite,” while Goebel, in his interesting paper on some C'yper- 
acee from Java, considers the flower as possessing only one 
prophyllon, but is uncertain as to the definition of the other 
seale: “Jede Bliite besitzt zwei Schuppen, das eine derselben 
wird als Vorblatt zu bezeichnen, das andere ist mir unklar 
geblieben.” 

As regards the flower itself, we have noticed only one stamen 
in LZ. maculata and two, seldom three stigmata; purely pistil- 
late flowers with rudiments of a stamen were, also, observed. 
In this respect Z. maculata agrees with ZL. argentea, as 
described by Goebel, with the exception that the anther of the 
stamen in this last species was observed to be two-celled instead 
of four-celled, as we invariably noticed in Z. maculata and L. 
microcephala. Concerning the systematic position of our 
genus with its “ mediane scales” and “ one-flowered spikelets,” 
it seems that Robert Brown was justified in separating it from 

Richard’s Hypolytrum, the flower of which is generally 
described as possessing “two lateral prophylla.” It is difficult 
at present to point out the nearest allies to our genus, con: 
sidering that it shows some affinities to //Zemicarpha, as sug- 
gested by Pax in his treatment of this group for Engler’s and 
Prantl’s work upon the natural families. Further researches 
on the morphological structure of the other genera may pos- 
sibly assist us in determining its correct place within the order, 
especially when combined with such peculiarities as may be 
observed in the anatomical structure. In this last respect 
Lipocarpha is very interesting, and in order to make our study 
as complete as possible, we shall briefly discuss some of the 
most important features, which we have observed in Z. macw- 
lata Kth. from subtropical Florida, Z. argentea R.Br. from 
Nilagiri in Eastern India and Hongkong, LZ. sphacelata R.Br. 
from the Isthmus of Panama and L. microcephala Kth. from 
Japan. 

The stem above ground, 


the scape, is cylindrical and more or less furrowed in the 
species examined. The cuticle is thin and perfectly smooth. 
The epidermis is here developed into several strata (from two 
to four) between the subepidermal bundles of stereome. A 
considerable variation is to be noticed in the outer epidermis, 
as regards the thickening of the outer cell-walls and the lumen 
of the individual cells. Thus we find a strongly thickened 
epidermis in Z. argentea, but one with very thin walls in Z. 
microcephala. The epidermis-cells above the stereome are 
usually smaller than those surrounding, and contain the char- 
acteristi¢ silicious cones, which we have often described in our 
previous papers on this order. These cone-bearing cells are 
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thin-walled in Z. maculata and form a projection in the shape 
of a minute papilla (fig. 2), while no other 
epidermal projections were observed in any 
of the species examined. The outer epi- 
dermis-cells, which lie between the stereome- 
bundles, are very large and round in trans- 

Fic. 2. Acone-cel] Verse sections except in L. argentea, in 
above the stereome Which the radial walls have become stretched 
from epidermis of the so as to render the lumen narrow. It is, 
po Og L. maculata. also, to be noted that the epidermis in Z. 

: argentea forms very prominent ribs on each 
side of deep furrows in which the stereome is located. Similar, 
but more shallow, furrows are also noticeable in Z. maculata 
and LZ. sphacelata above the stereome. In ZL. miécrocephala, 
however, furrows are, also, present, but the adjoining project- 
ing ribs are not here due to the increased size of epidermis, but 
to the stereome. These species of Lipocarpha thus illustrate a 
singular variation regarding the location of the stereome: 
being situated in furrows as in LZ. maculata, L. sphacelata and 
L. argentea, or in the projecting ribs in L. microcephala. The 
presence of similar furrows in the stem has, also, been men- 
tioned by Rikli in Picinia, Fuirena, Heleocharis and others ; 
the stereome, according to this author, is located in furrows in 
LTeleocharis geniculata R.Br. and Fuzrena, but located in the 
projecting ribs in Ficinia stolonifera Nees and F. tenuifolia 
Kth. The interior layers of epidermis show a very uniform 
structure and the walls are very thin. Stomata are present 
and form longitudinal rows between the stereome-bundles ; 
they are slightly projecting and the air-chamber is deep and 
narrow. In this manner they are freely exposed in our species 
with the exception of Z. microcephala, where they occupy the 
deep furrows between the projecting bundles of stereome. 

As regards the mechanical tissue, the stereome, this is very 
well represented in the stem of our species, forming relatively 
large bundles on the leptome-side of the outer mestome-bundles 
or on the hadrome-side of the inner ones. In the first case 
the stereome-bundles are situated immediately underneath the 
epidermis and border inwards on the chlorophyll bearing pali- 
sade-sheath, that surrounds the mestome-bundles. It is gen- 
erally thick-walled in our species, especially in ZL. argentea 
and L. sphacelata. When considered in transverse sections, the 
stereome forms roundish groups on the leptome-side of the 
peripherical mestome-bundles, where it is usually thick-walled ; 
the stereome, that supports the inner mestome- bundles, is, on 
the other hand, thin-walled and forms an arch around the 
hadrome of each bundle. Zipocarpha thus possesses a well 
developed stereome, which accompanies the mestome-bundles, 
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but without developing as a continuous ring outside or between 
these bundles. 

In proceeding to examine the assimilating tissue of the 
stem, we notice in Lipocarpha a structure which is very dif- 
ferent from that of other genera, discussed in our former 
papers: Carex, Dulichium, Fuirena, Dichromena and 
Scleria.* This divergence consists in the very regular arrange- 
ment of the palisade-cells radially around the _peripherical 
mestome-bundles. In the other genera, previously described, 
the palisade-cells were not arranged radially in proportion to 
the mestome-bundles, but in proportion to the cross-section of 
the stem itself. We notice, therefore, in Lipocarpha that each 
of the outer mestome-bundles is surrounded by a closed sheath 
of palisade-cells, all of which contain an abundance of chloro- 
phyll-grains. A similar sheath of palisade-cells is, also, 
observed on the leptome-side of the inner mestome-bundles, 
adjoining the arch-shaped group of stereome on the hadrome- 
side. The inner mestome-bundles are, hence, surrounded 
partly by palisade-cells and stereome. In no other part of the 
stem is palisade-parenchyma observakle, as the spaces between 
the outer mestome-bundles are occupied by the several layers 
of epidermis. 

While this singular arrangement of the palisade-cells in the 
stem of Lipocarpha seems to offer an excellent character by 
itself, it is, nevertheless, invariably followed by another and 
still more remarkable feature, represented by the structure of 
the mestome-bundles. We have already mentioned that the 
stem possesses two distinct, concentric bands of mestome- 
bundles, an outer and an inner. The majority of the mestome- 
bundles are situated in the peripherical band and represent two 
forms: small and in transverse section orbicular, and larger 
which are oval in cross-section. The orbicular are the most 
abundant, but they do not all possess a leptome and hadrome 
developed to the same extent as the larger, the oval bundles, 
nor are they all supported by subepidermal stereome, as these 
invariably are. Those of the inner band are all large and show 
avery pronounced oval outline; besides this, they are only sup- 
ported by stereome on their hadrome-side. But all these 
mestome-bundles, the large and the small, show the presence 
of a typical mestome-sheath, the cells of which are but slightly 
thickened in those species which we have had an opportunity 
to examine. Inside the mestome-sheath is still another sheath, 
the cells of which are conspicuously larger than those of the 
mestome-sheath, very thin-walled and filled with chlorophyll. 
Ilowever the chlorophyll in this sheath differs in a very marked 
degree from that of the palisade-tissue by not being differen- 


* This Journal, vols. iii, iv, v and vi. 
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tiated as “ grains,” and by its more intense green color. This 
is the sheath which Haberlandt has mentioned as characteristic 
of Papyrus cicuta, and which Rikli has so excellently described 
after he detected it in other genera of the Scirpoitdew. While 
Duval-Jouve was well aware of the radial arrangement of the 
palisade cells around the mestome-bundles in several species of 
Cyperus, as his illustrations show, he does not seem to have 
noticed the inner sheath, the “ chlorophyll-sheath,” at least he 
does not figure or mention it.* 

While the chlorophyll-sheath is completely closed in all the 
peripherical mestome-bundles, which, as stated above, are also 
surrounded by an uninterrupted sheath of palisade-cells, it 
merely occurs around the leptome in the mestome-bundles of 
the inner band. We remember from the above that these 
bundles are not surrounded by palisade-cells excepting on their 
leptome-side, and it seems as if the development of the inner, 
“the chlorophyll-sheath,” is somewhat depending on the pres- 
ence of palisade-cells; at least the chlorophyll-sheath is strictly 
confined to that part of the mestome, which is, also, sur- 
rounded by palisade-cells. These structural peculiarities: the 
development of the assimilating tissue into sheaths around the 
mestome-bundles and accompanied by an inner chlorophyll- 
bearing sheath, does not seem to depend upon any particular 
mode of growth, if we merely consider the stem. We have 
noticed this same structure in cylindrical as well as in triangu- 
lar stems of certain genera of Cyperacew, in erect as well as 
in curved, besides in the singular flattened stems of /vmbris- 
tylis autumnalis R.et 8. It seems, therefore, hardly probable 
that the presence of these sheaths depends on any particular 

* Prefessor Warming (Halofyt-Studier, p. 259) insists that Duval-Jouve, not 
Haberlandt, should have credit for the discovery of these peculiar sheaths, stat- 
ing that Duval-Jouve in the year 1875 described and illustrated these as charac- 
teristic of a number of Graminee. However, the chlorophyll-sheath, the one 
that lies close up to the mestome-sheath and which borders immediately on the 
leptome and hadrome, has so far never been observed in any of the Graminee. 
What Duval-Jouve describes and figures is a sheath of palisade-ceils, a paren- 
chyma-sheath, that surrounds the mestome-bundles and finally a mestome-sheath, 
inside of the parenchyma-sheath. But in none of his descriptions or in his illus- 
trations has Duval-Jouve hinted at the existence of a chlorophyll-sheath inside 
of the mestome-sheath. It is true, that the mestome-bundles in the leaves of 
several Graminee, for instance Cynodon, exhibits three sheaths: one of radially 
arranged palisade-cells, a second the ordinary parenchyma-sheath, and a third the 
mestome-sheath, but none of these correspond with the sheath which Haber- 
landt detected inside of the mestome-sheath in certain Cyperee, and which Rikli 
has lately discussed in his very important paper on this subject. Furthermore 
Professor Warming states, that although Duval-Jouve did mention and figure the 


palisade-sheath as characteristic of several French Cyperus-species and Galilea, 
he, nevertheless, seemed to have overlooked the inner one “ the chlorophyll- 


sheath” of Rikli. 
While the mere question of priority is a very unimportant one in scientific 
research, it must be admitted that Haberlandt was the first to discover this par- 


ticular sheath in the Cyperacee. 
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position of the stems in proportion to the light, and by com- 
paring leaves of various genera no apparent connection seems 
to exist between their presence and the shape or direction of 
the leaf-blades. The genus /imbristylis, for instance, on 
which the writer has prepared an article for this Journal, 
exhibits a most remarkable variation of growth as regards stem 
and leaf, yet invariably possessing the same arrangement of the 
palisade-cells and development of the inner chlorophy|l-bearing 
sheath. 

Whether the radial arrangement of the palisade-cells around 
the mestome-bundles is beneticial to the plant, is a question that 
cannot be settled at present. It is, also, very uncertain whether 
the dark, green chlorophyll of the inner sheath possesses a 
higher assimilating power than that surrounding; very diverse 
opinions have been expressed regarding these questions, and a 
brief summary may be found in the work of Warming, cited 
above. 

In returning to the stem-structure of ZLipocarpha, the 
leptome and hadrome have attained their highest development 
in the inner mestome-bundles, but are not, in any of the species 
we have examined, separated from each other by thick-walled 
mestome-parenchyma, as described by Rikli (LZ. argentea). 
There is, furthermore, a large, solid pith which is composed of 
thin-walled cells, hexagonal in transverse section, in L. sphace- 
lata and L. maculata; in L. argentea and L, microcephala, on 
the other hand, we noticed the pith to be interrupted by large 
and apparently very irregular lacunes. Cells containing tannin 
were observed in the pith, close to the mestome-bundles. 

Very different is the structure of rhachis, that part of the 
stem which bears the spikelets. The bark-parenchyma con- 
tains no chlorophyll and forms a broad ring around the cen- 
tral-eylinder; the mestome-bundles are mostly small and 
surrounded by a typical, colorless parenchyma sheath and a 
thin-walled mestome-sheath, while the inner sheath is totally 
absent. The arrangement of the mestome-bundles is, also, dif- 
ferent, there being a closed band near the center of the axis, 
while a few are seen to be scattered towards the periphery, 
entering the rhacheolz of the spikelets. The rhachis seems 
totally destitute of stereome and the solid pith occupies only a 
small part of the central-cylinder. Furthermore we observed 
that tannin was present in some of the pith-cells as well as in 
the bark-parenchyma. 


The leaf. 


The stem-leaves of the species of Zipocarpha, which have 
been examined, are rather weak, with narrowly linear blades, 
closed tubular sheaths, but no ligule. The margins of the 
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blade are mostly involute, and the blade, which is often very 
asymmetric, is not carinate. The outline of the blade, when 
considered in transverse section, is broadly crescent-shaped in 
L. maculata with the two halves of unequal size (fig. 3). The 
same is, also, the case with Z. argentea, but the blade is, in this 
species, constricted above the midrib and is thinner in propor- 
tion to its width than in the foregoing species (fig. 4). The 
blades of LZ. mecrocephala and L. sphacelata are less asym- 
metric and equally thin throughout. The epidermis of the 
lower surface of the leaf-blade shows the same development as 
in the stem with a single layer outside the mestome-bundles 
and two or three rows of cells between these. But on the 
upper face of the blade in LZ. argentea and L. maculata we 
tind a huge mass of epidermal tissue in layers of considerable 
width, from five to six, especially towards the margin; in Z. 
microcephala and L. sphacelata, on the other hand, there is but 


Fig. 3. Leaf of ZL. maculata, transverse section. x 60. 


Fig. 4. Part of leaf of Z. argentea, transverse section. x 60. 


one single layer on either face of the blade. In considering 
L. maculata and L. argentea the outer layer of epidermis con- 
sists of much smaller cells than the inner ones, especially 
towards the margins, where two or three subepidermal stereome- 
bundles are located. While the outer epidermis in Z. argentea 
is developed as bulliform cells above the midrib (fig. 4), where 
no inner layers are developed, we notice in Z. maculata, on the 
same place, a tendency of the outer epidermis to develop in 
the same way, as bulliform cells, but are separated from the 
mesophyll by at least two layers of inner epidermis. In the 
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two other species the epidermis of the upper face consists of a 
single layer of cells of almost equal size, but does not seem to 
develop as groups of bulliform cells, so commonly observed in 
other genera. The epidermis of the lower surface of the leaf 
is composed of cells of nearly equal width excepting those 
which cover the stereome; these are usually much smaller and 
contain cones of silica. While the lower surface is very even 
in Z. maculata and L. argentea, we noticed in the two other 
species distinct furrows between the stereome-bundles like 
those described above as characteristic of the stem. The 
stomata are located at the bottom of these furrows, while in 
L. argentea and L. maculata they are freely exposed, being on 
a level with the surrounding epidermis. As regards the meso- 
phyll, this is developed as a sheath around each mestome- 
bundle, separating these from the stereome of the leptome-side. 
Thus there exists a strong analogy in structure when we com- 
pare the bark of the stem with the mesophyll of the leaf, 
besides this the mestome-bundles in both show an absolutely 
identical composition. The mestome- and chlorophyll-sheath 
are developed to the same degree we noticed in the stem, and 
the mestome-bundles are, also, here represented by two forms: 
orbicular and oval, when considered in transverse sections 


Stereome is developed out- 
side the larger mestome- 
bundles on the lower surface 
of the blade, but occurs, also, 
in one or two isolated groups 
on the upper face and close 
to the margin. The margin 
itself merely consists of the 
two layers of epidermis with 
no support of stereomatic 
tissue. 

The bracts, 


Fig. 5. Leaf of ZL. maculata, showing which subtend the spikelets, 
an orbicular mestome-bundle with its are membranaceous and con- 
“a wine ocated in the middle and 

forming a slightly projecting 
rib on the dorsal face. There is an epidermis of large and 
thin-walled cells on both faces of the bract, with the exception 
of the margins, where only one stratum of epidermis is devel- 
oped. A few of the cells contain tannin, but no chlorophyll. 
lhe mestome-bundle is surrounded by a single sheath, a 
mestome-sheath, the cell-walls of which are but very slightly 
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thickened. Stereome is present and forms isolated bundles on 
the lower surface, one near the midrib, and two on each side, a 
short distance from the margins. 


The prophyllon 
of the spikelet shows a very simple structure, there being no 
mestome but merely about five ribs of stereome, two of which 
are larger than the others so as to render the leaf bicarinate. 
Epidermis is developed on both faces excepting near the mar- 
gins, where it becomes reduced to one single layer. The epi- 
dermal cells are very thin-walled, and none are developed as 
bulliform cells. 
The bract 

of the flower shows nearly the same structure as that of the 
spikelet, but much thinner (fig. 6). The epidermis is reduced 


Fig 6. Transverse section of a floral bract of ZL. maculata, showing the mid- 
rib and half of the blade; cells containing tannin are drawn with black. x 320. 


to a single layer in the lateral parts, from the midrib to the 
margins, while the margins themselves possess a double epi- 
dermis. Stereome is present, but only on the dorsal face of 
the scale covered by epidermis, and tannin-reservoirs were 
observed in some of the epidermal cells, indicated with black 
in the accompanying figure (fig. 6). 
The pericarp 
- consists of three distinct layers: an outer epidermis of very 
thin-walled cells, each containing a silicious cone with minute 
warty surface, a few strata of scle- 
reids, and finally an inner epi- 
dermis. The cells of the inner 
epidermis are very thin-walled and 
show a rectangular outline in trans- 
verse sections (fig. 7). A skeleton 
of silica is readily obtained by the 
usual preparation, and shows that 
Fig. 7. Transverse section of NOt only the cones are silicified, 
the pericarp of L. maculata. Ep = but also a part of the epidermis 
the outer epidermis; Scl. =the above these (figs. 8 and 9). 
= ‘© The roots are very slender and 
show a rather open structure. 


Sen 
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There is a thin-walled hypoderm underneath the epidermis, and 
the bark is traversed by lacunes of considerable width. The 
endodermis has the cell-walls thickened all around, represent- 
ing an O-endodermis, inside of which is a pericambium inter- 
rupted by proto-hadrome. The innermost part of the root 
is occupied by a thick-walled conjunctive tissue with a single 
or sometimes two large vessels in the center. 


Fie. 8. Epidermis of pericarp of Fic. 9. Same as figure 8, but 
L. muculata, seen from above, showing — seen from the side. x 560. 
the silica-skeleton. x 560. 


In considering the anatomical structure of these four species 
of Lipocarpha, it seems that our genus possesses several char- 


acters by which it may be distinguished from a number of the 
other genera, studied so far. The species themselves, may, 
also, be recognized in this way, their anatomical characters 
being as follows: 


pidermis 
»pidermis 
pidermis 
stereome in fur- 


| 
is of a single layer on 


The Icaf. 


Epidermis of several layers on| 


No bullitorm cells. 
upper face, 


Subepidermal stereome form" 
Epideri 


ing projecting ribs. 
Bulliform cells above midrib. 


Outer cell-walls of e 
Outer cell-walls of e 
moderately thickened. 


Outer cell-walls of e 
strongly thickened. 


very thin. 


L. maculata .....- 
L. argentea 


L. sphacelata 


L. microcephala . -- 


+ +) 4+ 
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If we finally compare these anatomical characters with those 
which Rikli observed in Z. argentea, we will notice a few diverg- 
encies. This author states, for instance, that the leaf possesses 
one mediane and numerous lateral groups of bulliform cells, 
while the leaves we examined showed only one, above the mid- 
rib (fig. 4); besides that the lateral parts of the blade were 
covered by several layers of large-celled epidermis. Further- 
more is stated that the leptome and hadrome are separated 
from each other by a zone of thick-walled cells (mestome-par- 
enchyma), which we did not notice in any of the species exam- 
ined. It seems as-if the leaf, which Rikli described, may not 
have belonged to Z. argentca, and perhaps not to Lipocarpha 
at all. It is, also, to be pointed out that not all of the Cype- 
vracee, in which a chlorophyll-sheath is developed, have a 
scarcity of stereome, since this tissue is well represented in the 
species of Lipocarpha. 

Brookland, D. C., October, 1898. 
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Art. XVIII.—TZhe Granitic Breccias of Grizzly Peak, 
Colorado ; by GEORGE H. STONE. 


GRIZZLY PEAK is situated about twenty-three miles southwest 
of Leadville, and forms the watershed from which streams 
flow northwest into the Roaring Fork and the Grand, south- 
west into the Gunnison, and east into the Arkansas. Its ele- 
vation is marked by Hayden as 13,956 feet. It is the highest 
pinnacle of a very irregular volcanic mass consisting of several 
radiating ridges one to five miles long. 

The eruptive rocks of the district are marked on Hayden’s 
Atlas of Colorado as rhyolite. They contain a large amount 
of uncombined silica, but sanidine is not abundant, and they 
more nearly resemble the quartz porphyries of Leadville than 
the ordinary sanidine-bearing rhyolites of central Colorado. 
Dark silicates occur only in small quantities locally. The 
voleanic mass is situated in the midst of a region of schists 
containing dikes and irregular bodies of granite. 

The voleanic ridges have steep lateral slopes. Cliffs abound, 
though in many places the rock disintegrates so as to form a 
smooth talus of small fragments. There are a few somewhat 
symmetrical cones, but the general outline of the ridges is 
rugged, and their tops form a sierra. In several places large 
areas are colored bright red, and the local name for the central 
mass where Grizzly Peak is situated, is Red Mountain. The 
color is due more to the oxidation of pyrite than to the decom- 
position of iron-bearing silicates. 

Wherever the lava is exposed on the surface, as it often is 
toward the tops of the ridges and on some projecting bosses 
and crags, it is somewhat scoriaceous and decomposed. But 
over most of the higher portions of the ridges the lava is 

sapped by a layer of breccia composed mostly of fragments of 
the lava that are only a little polished and rounded at the angles. 
In some places are many subangular fragments of granite or 
schists lying upon or among the lava fragments, often being 
so abundant as to form all of the surface layer of the breccia 
near the top of the mountains. I saw a granite bowlder six 
feet in diameter embedded in a solid breccia consisting of lava 
fragments. 

In some cases the volcanic rock extends to near the bottoms 
of the ridges, but in general it forms the upper half or two- 
thirds of the ridges. ~ Over the lawer portions of the volcanic 
ridges and thence extending for a short distance down the slopes 
over the adjacent granite and schists, we find a superficial 
layer of firmly cemented breccia consisting wholly of rather 
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small fragments of schists with some granite. In several 
places this is shown by mining tunnels to be fifty and some- 
times even more than one hundred feet thick. I found one 
tunnel that had penetrated the breccia into granite and schists 
in place, in the midst of which is a vertical dike of quartz 
porphyry bordered on each side by a vertical layer of breccia 
several feet in thickness. This was composed almost if not 
entirely of crushed granite and schists. In places the granitic 
breccia forms a terrace along the side of the mountain. I 
noticed one place where this breecia rests on schists that have 
been broken, faulted, and brecciated along the lines of fracture, 
so that blocks of schistose rocks twenty to sixty feet in diame- 
ter are separated by zones or vein-like bodies of schist-breccia 
one to four feet thick. The fragments are only a little rounded, 
although different kinds of schists are promiscuously mixed, 
showing that there was considerable faulting. 

In a paper on the “Granitic Breccias of the Cripple Creek 
District” * I have described somewhat similar breecias to those 
found in the Grizzly Peak district, but on a far larger scale 
than the latter. However, the latter are very suggestive when 
we study the question of origin. 

- Obviously when ejectamenta were hurled by violent explo- 
sions over a large area adjacent to the voleanic vents, to form 
substantially horizontally-bedded breccias or conglomerates, as 
was the ease in the San Juan mountains, Colorado, and in the 
Sierra Blanca range, Lincoln County, New Mexico, the frag- 
ments of the older rocks that were ejected from the vents 
ought to have been covered and mixed with later ejectamenta 
composed of voleanic rocks. But in the case of the dikes at 
Cripple Creek above cited, also those at Grizzly Peak, we find 
the fragments of clder rocks overlying the fragments of vol- 
canic rocks, and these in turn overlying rather narrow dikes 
that show but little lateral flow of the lava. The interpreta- 
tion is plain. These dikes rose quietly and slowly through the 
pre-existing rocks. Before reaching the surface they became 
sufficiently solid at their upper extremities to be able to push 
fragments of the older rocks before them. In some cases the 
latter were at once cemented fast to the tops of the rising 
dikes or to the fragments of volcanic rock that were formed 
by the breaking up of the thin crust of solidified lava, as the 
dike slowly but irresistibly rose above the pre-existing surface. 
In such cases they were cemented fast to the rising dike before 
they could be washed away. In other cases, as the dikes rose 
above the original surface, the fragments of granite, schists, or 
other rocks penetrated by the dikes, remained for a time unce- 
mented. Under the action of gravity, frost, rain-wash, ete., 


* This Journal, vol. v, Jan., 1898. 
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most of these loose fragments then slid down from the tops of 
the rising dikes and formed a talus over the lower slopes of the 
dikes and thence for a short distance over the adjoining country 
rocks. Here they were subsequently cemented into firm brec- 
cias. 
I see no possible way for explosive volcanic eruptions to 
preserve large masses of fragments of the older rocks free 
from mixture with fragments of lava, and still less to leave 
them overlying all other volcanic matter. 

Bowlders of the so-called rhyolite of the Grizzly Peak dis- 
trict are fuund in the moraines at Twin Lakes. This proves 
that the volcanic eruption oceurred before the glacial epoch. 
The position and mode of deposition of the granitic breccias 
prove that at the time of the eruption the Sawatch range was 
already deeply dissected by erosion, and that there has not 
been very much erosion since. 

In the paper above cited I have described the gold-bearing 
granitic sand-rock that formed out of the granite crushed by a 
rising phonolite dike at the Alhambra mine, Cripple Creek 
district. The facts there described show that vein waters, 
probably waters heated by the dike which still remained in a 
molten condition a few feet below the solidified upper crust, 
decomposed the grains of crushed granite, honeyeombing the 
sand and replacing much of the feldspar with silica and finally 
cementing the sand into a firm rock. The mineralized surface 
crust of sand-rock was in places charged with many times as 
much gold as is contained in any vein that has been found 
below in the granite or in the phonolite dike. 

Any complete theory of vein deposits will have to treat of the 
mineralization of the superficial crusts of breccia that formed 
above and along the margins of rising dikes. There are numer- 
ous instances of this class of superficial ore deposits found 
among the granitic breccias of the Grizzly Peak region, but 
the subject requires more detailed treatment than is possible 
within the present paper. 


Colorado Springs. 
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Art. XIX.—The Constitution of the Ammonium Magnesium 
Phosphate of Analysis; by F. A. Goocw and MartHa 
AUSTIN. 


[Contributions from the Kent Chemical Laboratory of Yale University —LXXIX.] 


IN a recent paper from this laboratory* it has been shown 
that the presence of ammonium chloride or other ammonium 
salt is necessary in the precipitation of manganese as the ammo- 
nium manganese phosphate by microcosmic salt in order that 
the precipitate may have the ideal constitution represented 
by the symbol NH,MnPO,. 

It was also shown that the solvent effect of the ammonium 
chloride upon the precipitated ammonium manganese phos- 
phate is not marked when an excess of the precipitant is 
present in solution. 

The relations disclosed in this paper suggest that the chem- 
ical constitution of the precipitate rather than mechanical con- 
tamination and varying solubility—the explanations generally 
accepted, and, indeed, advocated by one of us in a former 
papert—may be responsible for observed variations in the 
weight of the residue derived by the ignition of the similar 
salt of magnesium, the ammonium magnesium phosphate, pre- 
cipitated by an excess of a soluble phosphate from the solution 
of a magnesium salt, or from the solution of a soluble phos- 
phate by an excess of a magnesium salt. 


Precipitation by Excess of the Soluble Phosphate. 

The precipitation of the magnesium salt by an excess of the 
soluble phosphate was first studied. For this work a solution 
of pure magnesium nitrate was prepared by dissolving the 
pure magnesium oxide of commerce in a slight excess of pure 
hydrochloric acid and boiling with more magnesium oxide. 
After filtering off the excess of magnesium oxide and any trace 
of iron or members of the higher groups, the solution was pre- 
cipitated by ammonium carbonate, the precipitate was washed 
by repeated boilings and filtrations until silver nitrate gave no 
precipitate in the solution acidified with nitric acid. This pre- 
cipitated carbonate was nearly dissolved in nitrie acid and the 
solution was boiled with an excess of the carbonate (for the 
purpose of removing traces of barium, strontium, and calcium) 
filtered, and diluted to definite volume. The evaporation of a 
definite volume of the solution and strong ignition of the resi- 
due would be a most natural method of establishing a standard 


* This Journal, vi, 233. 
+ Am. Chem. Jour., i, 391. 
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of the solution, were it not for the fact pointed out by 
Richards and Rogers* that the oxide of magnesium retains on 
ignition occluded nitrogen and oxygen enough to increase its 
weight sensibly. For this reason the nitrate was converted 
to the sulphate and weighed as such—either by evaporating to 
dryness in a weighed platinum erucible a definite volume of 
the solution, igniting as oxide, and changing to the sulphate 
by heating with sulphurie acid ; or, by evaporating the mag- 
nesium nitrate directly with an excess of sulphuric acid of 
half strength. In this treatment the excess of acid was 
removed by heating the platinum crucible upon a_ porcelain 
ring or triangle so placed within a porcelain crucible that the 
bottom and wails of the inner erucible were distant about one 
centimeter from the bottom and walls of the outer crucible. 
The excess of acid is easily removed in this way, and the outer 
crucible may be heated to redness without danger of breaking 
the magnesium sulphate. The results of this work, taking 

= 16, Me = 24:3, N = 14:03, S = 32°06, are given in the 
ing table. 


TABLE I. 
MgSO, obtained by MgSO, obtained Theoretical amount 
converting ignited MgO directly from of MgO in 
into the sulphate. 50°™3 Mg(NOs)o. MgSO. 
grm. grm. grm. 
0°5748 0°1924 
0°5739 0°1923 
ations 0°5741 0°1922 
0°5750 0°1925 


The magnesium oxide obtained by direct ignition of the 
nitrate weighed on the average about 0:0010 grm. more than 
the oxide theoretically present in the weighed sulphate from 
equal portions of the solution. 

Before proceeding to study possible chemical effects of 
ammonium chloride in determining the constitution of the 
ammonium magnesium phosphate, it is obviously necessary to 
define the extent to which the ammonium salt may exert a 
solvent action in presence of the precipitant. Fresenius esti- 
mated that ammonium magnesium phosphate is soluble in 
15293 parts of cold water, but the method of investigation 
employed did not entirely preclude the possibility of counting 
as ammonium magnesium phosphate soluble material included 
and held in the original precipitate.t According to Kissel + 
the phosphate, which dissolves in a mixture of ammonia and 
water in the proportion of 0°0040 grams to the liter and in the 
proportion of 0°0110 grams to the liter in a similar mixture 


* Am. Chem. Jour., xvi, 567. 
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containing also eighteen grams of ammonium chloride, is 
practically insoluble in the latter mixture if. an excess of 
magnesia mixture be added; and Heintz* showed that the 
effect of adding an excess of sodium phosphate in the solution 
is similar. 

So far as appears, no quantitative experiments have been 
recorded in which the behavior of a mixture of ammonium 
chloride and magnesium salt and an insoluble phosphate in a 
solution only slightly ammoniacal has been tested, though as a 
matter of convenience the use of faintly ammoniacal solutions 
and faintly ammoniacal washwater is to be preferred to the 
mixture of strong ammonia and water [1:3] ordinarily 
employed. Asa preliminary step, therefore, in the work to be 
described, experiments were made to find how small an amount 
of magnesium could be detected in solution by precipitating with 
microcosmic salt, either alone or in presence of ammonium 
chloride in faintly ammoniacal solutions. The ammonium 
chloride used for these tests (as well as in the similar quanti- 
tative work following) was purified by boiling with a faint 
excess of ammonia, filtering, digesting twelve hours with 
microcosmic salt, and filtering again. The results are given 


in Table II. 


TABLE II. 
Weight of 
MgO takenas H(NH,)NaPO,° 
the nitrate. 4H,.0 taken. Volume. NH,Cl taken Opalescent 
grm. grm. cm* grm. precipitation. 
{ 0°0003 1°75 100 marked 
{ 0°00038 500 
0°0003 100 
0°0003 500 
0-0003 500 
0°0001 100 marked 
( 0°0001 100 
00001 500 faint 
0-0001 500 


The results of these tests show that even so little as 0°0001 
grm. of magnesium oxide may be detected in five hundred 
cubic centimeters of faintly ammoniacal water containing as 
much as sixty grams of ammonium chloride.t It is plain that 
strongly ammoniacal liquids are entirely unnecessary in the 
precipitation of the ammonium magnesium phosphate under 

* Zeitschr. fir Analyt. Chemie, ix, 16. 

+ It was found also, incidentally, that the presence of reasonable amounts of 


ammonium oxalate (100 °% of the saturated solution) does not interfere with the 
precipitation of the ammonium magnesium phosphate by microcosmic salt. 
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the conditions. In nearly all the experiments to be detailed 
use was made, therefore, of faintly ammoniacal solutions and 
wash-water. 

In Table III are given the results obtained in a study of the 
effects of varying proportions of ammonium chloride and the 
soluble phosphate upon the constitution of the precipitate. 
All precipitates were gathered upon asbestos in the filtering 
crucible, washed in faintly ammoniacal water, and ignited as 
usual. In every case the precipitation was practically com- 
plete ; for, upon allowing the filtrates with the wash-water to 
stand for several days after further addition of microcosmic 
salt, nothing but insignificant traces of a precipitate —not ex- 
ceeding 0°0001 grm.— ever appeared. In the experiments of 
section A precipitations were made in the cold by the action 
of microcosmie salt in considerable excess upon the solutions 
of magnesium nitrate containing varying amounts of ammo- 
nium chloride. In experiments (1) to (5) the liquid was made 
faintly ammoniacal after the addition of the precipitant and 
the precipitate was filtered off immediately after complete 
subsidence; in experiments (6) to (10) the precipitate first 
thrown down was redissolved in a very little hydrochloric acid 
and reprecipitated by dilute ammonia (the operation being 
repeated several times) with a view to improving the erystal- 
line condition of the precipitate, and this treatment introduced, 
of course, a small amount of ammonium chloride, probably less 
than a gram. It will be observed that errors of excess appear 
in all of these determinations, those being the greatest in the 
experiments in which the largest amounts of the ammonium 
salt were present. 

In the experiments of section B the manipulation was so 
changed that the supernatant liquid was poured off (through 
the filtering crucible which was to be used subsequently to col- 
lect the phosphate) after the precipitate had subsided and the 
insoluble phosphate was dissolved in hydrochloric acid and 
brought down again, after dilution, by the addition of a faint 
excess of dilute ammonia. By thus removing the supernatant 
liquid after the first precipitation, the excess of the precipitant 
and the amounts of ammonium chloride originally present were 
reduced to relatively low limits, so that their effects in the 
reprecipitation were at a minimum; and by adding varying 
amounts of ammonium chloride, or none at all, before the 
reprecipitation, it became possible to demonstrate the individual 
effect of that reagent apart from that of an excess of the 
microcosmic salt. It will be noted that in experiments (11) 
and (12), in which no ammonium salt was added after the 
decantation from the first precipitate, the results are ideal, and 
that the errors of excess advance as the amounts of ammonium 
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salt present in the final precipitation increase. The quantity 
of the ammonium salt present during the first precipitation 
does not influence the error in the final precipitation unless it 
is so large that a simple decantation of the supernatant liquid 
would naturally leave an appreciable amount of it to act when 
the second precipitation takes place. 


TABLE III, 
corresponding Error in Error in HNaNH,PO,. 
to Mg(NO;)2 MgeP.,0O; termsof termsof NH,Cl 4H,0 

taken. found. Mg2P.0;. MgO. present. used. Volume. 

grm. grm. grm. grm. grm. grm. em*, 

A 

(1) 0°5311 0°5418 +0°0107 +0 0038 2°5 150 

( 2) 05311 0°5462 +0°0151 +0 0057 2 150 

(3) 0°5311 0°5408 +0°0097 +0 0035 2 150 

( 4) 0°5311 05500 +0 0189 +0°0068 60 250 

(5) 0°5311 0°5520 +0°0209 +0°0075 60 250 

(6) 05311 0°5345 +0°0034 +0°0012 * “ 150 

(7) 0°5311 05371 + 0°0060 +0°0022 150 

(8) 0°5311 0°5384 +0°0073 + 0°0026 * i 150 

(9) O°5311 0°5386 +0°0075 +0°0027 150 

(10) 0°5311 05415 +0°0104 + 0°0037 * 150 

B 

(11) 0°5311 0°5312 +0°0001 +0°0000 150,100 
(12) 0°5311 0°5311 +0°0000 +0°0000 150,100 
(13) 0°5311 0°5346 +0°0035 +0°0013 2+2 * 150,100 
(14) 05311 0°5348 +0°0037 +0°0014 150,100 
(15) 0°5311 0°5383 +0°0072 +0°0026 545 150,100 
(16) 0°5311 0°5368 +0°0057 +0 0021 5+5 150,100 
(17) 05311 0°5376 +0°0065 +0°0023 10+10 200,100 
(18) 0°5311 0°5395 +0°0084 +0°0030 10+10 aa 200,100 
(19) 0°5311 0°5396 +0°0085 +9°0031 60+5 250,100 
(20) 0°5311 0°5389 +0:0078 +0°0028 250,100 


It is plain that the errors of excess which appear when 
either the ammonium chloride or the soluble phosphate is 
present in considerable amount, must be due either to mechan- 
ical inclusion on the part of the highly crystalline precipitate, 
or to variation in the ammonium magnesium phosphate from 
the ideal constitution toward a condition represented by a 
phosphate richer in ammonia and correspondingly deficient in 
magnesium. If any appreciable amount of the ammonium 
chloride present were held by the precipitate, it would natu- 
rally be represented by magnesium chloride after ignition, but, 
in no one of these experiments, even in those dealing with 
sixty grams of ammonium chloride, did the residue, after dis- 
solving in nitric acid, give with silver nitrate evidence of the 
presence of more than a mere unweighable trace of chloride. 
A special experiment, moreover, in which an attempt was 


* Probably less than 1 grm 
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made to determine the silver chloride precipitated from the 
solution in nitric acid of an unignited precipitate thrown down 
by microcosmic salt in presence of sixty grams of ammonium 
chloride, confirms this conclusion : the precipitate was unweigh- 
able. If ammonium chloride present in the solution to so 
great an amount is not included in the precipitate in signifi- 
cant quantity, it would seem to be unnatural that the micro- 
cosmic salt should be included mechanically in any very great 
amount. But unless the microcosmic salt was mechanically 
included, the increase in weight must be due to the chemical 
influence of the reagents—that is, to the production of a phos- 
phate rich in ammonium and deficient in magnesium. Ber 
zelius* recognized the existence of such a phosphate of 
magnesinm ; but Wach,t+ in following the work of Berzelius, 
failed to find it. No attention seems to have been given since 
to the existence of such a salt. It would be natural to expect 
its formation, if ever, when the precipitating phosphate is in 
excess and ammonium salts are present in abundance, with free 
ammonia. Obviously the natural effects of all these reagents 
would be toward the production of a salt holding more ammonia 
and more phosphoric pentoxide for a given amount of mag- 
nesium. The results of the table seem to point strongly to 
such tendencies, and, by inference, toward the existence of 
such a compound. Thus in experiments (11) and (12), in 
which the greater part of this excess of microcosmic salt was 
removed by decantation before the second precipitation, while 
no ammonium chloride was present excepting the small amount 
made by the solution and reprecipitation of the first precipi- 
tate, the error is practically nothing. In experiments (13) and 
(14), (15) and (16), (17) and (18), all similar to (11) and (12) 
excepting that ammonium chloride was present, the average 
errors— +0°0036 grm. in terms of magnesium phosphate, 
00064 grm., +0°0074, respectively—increase as the ammonium 
chloride is increased in the final precipitation. In experiments 
(19) and (20), in which the ammonium chloride amounted to 
sixty grams in the first precipitation and to five grams in the 
second in addition to the amount that would naturally remain 
after decanting the strong solution of the former precipita- 
tion, the similarity of this error (+0°0082 in the mean) to 
that of the experiments in which smaller amounts of the 
ammonium chloride were used throughout goes to show that 
only the amount of ammonium salt present in the final pre- 
cipitation counts. Further, a comparison of corresponding 
experiments of A and B shows very plainly that the treatment 
which involves the removal of the large part of the micro- 


* Berzelius, Jahresbericht 3 Jahrgang (1824) iibersetzt von C. G. Gmelin s. 92 
+Schweigger, 1830, Band 29, s, 265. 
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cosmic salt, the solution of the precipitate, and reprecipitation 
tends to reduce the higher indications. Thus, for example, the 
error in (2) and (3) is +0°0124 grams in terms of magnesium 
pyrophosphate, while in (13) and (14), similarly carried out 
except the decantation of the excess of the precipitant, solu- 
tion and reprecipitation, the error is +0°0036 grm, 

The special influence of free ammonia during precipitation, 
was investigated in the following experiments. Definite 
volumes of the magnesium nitrate solution were drawn froma 
burette into a platinum dish, ammonium chloride—10 grm.— 
was added, the magnesium was brought down by dilute 
ammonia in presence of microcosmic salt, and strong ammonia 
equal to one-third the volume of the solution was added. The 
solutions, after standing, were filtered off on asbestos under 
pressure in a perforated crucible, and the precipitates were 
washed with ammonia diluted to the proportion of three parts 
of water to one of ammonia, dried after moistening with a 
drop of saturated solution of ammonium nitrate, ignited and 
weighed. The results are given in experiments (1) and (2) of 
Table IV. In these determinations the mean error reaches 
+0°0183 grm. in terms of magnesium pyrophosphate; while 
in experiments (3) and (4), made similarly excepting that the 
supernatant liquid was decanted from the precipitate first 
thrown down, the precipitate dissolved in hydrochloric acid, 
and after dilution reprecipitated by dilute ammonia imme- 
diately supplemented by enough strong ammonia to make one- 
fourth the volume of the entire solution, the error amounts in 
the mean to +0°0061 in terms of the pyrophosphate. 


TABLE IV. 
Mg.P.0; 
corresponding Error in Error HNaNH,PO,. 
to Mg(NOs)2 MgeP.0O; termsof interms NH,Cl 4H.0 

taken. found. MgeP.0;. of MgO. present used Volume. 

grm. grm. grm. grm. grm, grm. em, 

(1) 0°5311 0°5503 +0°0192 +0°0069 10 2°5 200 

(2) 0°5311 0°5505 +0°0194 + 0°0070 10 2°5 200 
(3) 0°5311 0°5393 +0°0082 +0°0029 10,— 2°5 200,100 
(4) 0°5311 0°5351 +0°0040 +0°0017 10, — 2°5 200,100 


In experiments (1) and (2) the precipitate was influenced by an 
excess of microcosmic salt, ammonium chloride, and free 
ammonia in large amount; in experiments (3) and (4), by 
decanting in the manner previously described, by dissolving 
the precipitate, and reprecipitating, the effects of an excess of 
microcosmic salt and ammonium chloride are reduced to a mini- 
mum, and, in a comparison of the results with those of experi- 
ments (11) and (12) of Table III the tendency of the free 
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ammonia comes to view. The results discussed seem certainly 
to point to a general tendency on the part of free ammonia, 
ammonium chloride and excess of the phosphate to produce a 
salt rich in ammonia and deficient in magnesium, which for a 
definite amount of magnesia precipitated must leave upon 
ignition a residue weighing more than the normal phosphate. 
~ If it be assumed that a salt of the symbol (NH,),Mg(PO,),— 
the next natural step to the normal salt, NH,MgPO,—is present 
in the precipitate, the residue which such a salt would leave 
upon ignition would be the metaphosphate Mg(PO,),. From 
the relations of the symbols for magnesium pyrophosphate 
and magnesium metaphosphate the weight of the residue 
obtained, and the weight of the pyrophosphate theoretically 
derivable from the weight of magnesium salt used, it is possi- 
ble, of course, to calculate the proportionate amounts of pyro- 
phosphate and metaphosphate present in any ignited residue. 
Proceeding in this manner, it appears, that, in order to account 
for the variations noted, it is necessary to assume the presence 
in many cases of very considerable amounts of the metaphos- 
phate. Thus, in the case of those results obtained according 
to the usually accepted method of precipitating and washing 
with strongly ammoniacal liquids, viz. in experiments (1) and 
(2) of Table IV, the proportion of metaphosphate needed to 
account for the observed error reaches ten per cent. 


Precipitation by Excess of the Magnesium Salt. 

The relations which obtain in the reverse process of precipi- 
tation—the action of an excess of the magnesium salt upon a 
soluble phosphate—were studied in experiments to be described. 
A solution of pure hydrogen disodium phosphate was prepared 
by carefully recrystallizing the pure salt of commerce five 
times from distilled water in a platinum dish, dissolving the 
crystals, and diluting to definite volume. The standard of the 
solution was established by evaporating to dryness in a weighed 
platinum crucible known volumes of the solution, igniting the 
residue and weighing the sodium pyrophosphate. Magnesia 
mixture, the precipitant, was prepared by dissolving fifty-five 
grams of magnesium chloride in as little water as possible and 
filtering, mixing with this solution twenty-eight grams of 
ammonium chloride purified by treating it in strong solutior 
with bromine water and a slight excess of ammonia, filtering, 
diluting to one liter, and, after standing for some hours, filter- 
ing again. 

The tests of the following table show that the precipitation 
of a soluble phosphate by the magnesia mixture is practically 
complete in faintly ammoniacal solutions even when very 
dilute and charged with large amounts of ammonium chloride, 
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provided the magnesia mixture is present in sufficiently large 
excess. 


TABLE V. 
P.O; in 
HNa.PO, Magnesia 

taken. mixture. Volume. NH.,Cl. 

grm. cm’, em*, grm. Precipitation. 
0°0005 10 100 om Visible at once 
0°0005 50 100 = throughout the liquid. 
0°0005 10 100 10 
0°0005 10 200 60 
0:0001 50 250 60 
0°0001 10 100 
0°0001 10 100 10 
0°0001 50 200 10 si 
0°0001 10 250 60 
0:0001 50 300 60 Visible after 
0°0001 50 500 60 settling out. 


This conclusion was further substantiated by an actual test (by 
the molybdate method) of the ignited residue, obtained by evap- 
orating a filtrate from ammonium magnesium phosphate 
(equivalent to 0°8614 grams of the pyrophosphate) precipitated 
by a faintly ammoniacal solution of magnesia mixture in pres- 
ence of sixty grams of ammonium chloride, which gave a 
precipitate of ammonium phosphomolybdate yielding 0°0002 
grams of magnesium pyrophosphate. It is evident, therefore, 
that any considerable deficiencies of weight of the magnesium 
phosphate obtained by precipitating equal amounts of a soluble 
phosphate by magnesia mixture in presence of varying amounts 
of ammonium chloride, cannot be attributed to varying solu- 
bility of the magnesium phosphate under changing proportions 
of the ammonium chloride. 

The results recorded in section A of Table VI were obtained 
by treating definite volumes of the pure solution of hydrogen 
disodium phosphate with magnesia mixture, in slight excess 
above the amount required to bring down the phosphate, and 
making the solution distinctly ammoniacal. After thorough 
subsidence, the precipitate was filtered off on asbestos under 
pressure in a perforated platinum crucible, washed in water 
faintly ammoniacal, dried, ignited and weighed. In experi- 
ments (1), (5) and (6), only the ammonium chloride present in 
the magnesia mixture was used; in the other cases weighed 
portions were added. In the experiments of section B, the 
precipitate was dissolved in hydrochloric acid after filtering off 
the supernatant liquid, brought down again in dilute solution 
by ammonia in distinet excess, and thereafter treated as in the 
experiments of section A. The experiments of section C 
were conducted similarly to (1), (5) and (6) of A excepting 


| 
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that the magnesium mixture was introduced into the ammonia- 
cal solution of the phosphate drop by drop from a burette. 
The precipitations in A, B and C were proved to be practically 
complete; for by treatment of the filtrates with more mag- 
nesia mixture and standing, no more than a tracee—0°0001 grm. 
at the most—of the phosphate was found. The ignited resi- 
dues never contained more than a mere trace of chlorine. 


TABLE VI. 


Mg2P.0; NH,Cl 
correspond- Error in mag- MgCl, . 
ing to interms Error in nesia 6H,0 in 
HNa.PO, Mg.P.O; of terms of mix- NH,Cl magnesia 
taken, found. Mg.P.0; Volume. ture. added. mixture. 
grm. grm. grm. grm. grm. = grm. grm. 
A 
( 1) 0°8615 0°8613  —0:0602 —0-00005 150 1°68 33 
( 2) 0°8615 0°8615 0°0000 0°00000 200 20 
( 3) 0°8615 0°8602 —0°0013 —0°00036 200 20 
( 4) 08625 0°8561 —0°0054 --0°00151 300 60 
( 5) 0°0852 =0°0862 +0:0010 +0°00028 100 0°55 
( 6) 0°0852 0°0866 +0°0014 +0°00039 100 
( 7) 90852 0°0847 --0°:0005 —0-00014 200 20 
( 8) 0°0852 0°0830 —0°0022 —0-00062 200 20 
( 9) 0°0852 00811 —0-0041 —0-°00115 300 60 
B 
(10) 0°8111 08114 +00003 +0°00008 150,100 1°68 3°3 
(11) 0°8615 0°8613 —0°0002 —0°00006 150,100 
(12) 0°8615 0°8578 —0°0037 —0°00103 200,100 ~-,20 
(13) 0°8615 0°8487 —00128 —0°00358 200,100 .-,60 


o 

' 

' 
ou 


(14) 00852 0°0857 +0°0003 +0-00008 100,100 2 
(15) 00852  0°0656 +0°0004 +0-00011 100,100 “ 


(16) 0°0852 0°0853 +0°0001 +0°00003 150,100 10,10 
(17) 0°0852 0°0819 —0°0033 —0°00092 200,100 20,20 

C 
(18) 0°8111 0°8071 —0°0040 —0-00112 120 1°4 2°75 
(19) 0°8111 0°8052 —0°0059 —0-°00165 120 14 2°75 


While the results are not entirely regular, the tendency of 
the ammonium salt to produce errors of deficiency in propor- 
tion to its amount is plain if we compare among themselves 
the experiments of A upon similar amounts of phosphate, and 
then those of B upon similar amounts of phosphate among 
themselves; and by a comparison of corresponding results in 
A and B it is clearly shown that the presence of an excess of 
magnesia mixture tends to counteract more or less completely 
errors of deficiency due to the action of the ammonium chilor- 


‘ide. These facts are quite in harmony with the hypothesis 


that the ammonium salt tends to produce an ammonium mag- 
nesium phosphate richer in ammonia and phosphoric acid and 
poorer in magnesia than the normal salt NH,MgPO,; for, 


Ammonium Magnesium Phosphate of Analysis. 197 


though the production of such a salt in presence of an excess 
of the soluble phosphate compels the combination of a definite 
amount of magnesium with more than the normal amounts of 
phosphoric acid and ammonia (as was the case in the former 
series of experiments), when the supply of the soluble phos- 
phate is limited the amount of magnesium associated with it 
must fall below the normal (as is the case in the present series 
of experiments). Moreover, the behavior of the precipitant is 
quite in accord with the hypothesis ; for, though the influence 
of an excess of the soluble phosphate would naturally tend 
(as was observed) in the same direction as that of the ammo- 
nium salt and free ammonia, viz., to the production of the phos- 
phate deticient in magnesium, the tendency of an excess of the 
magnesium salt must obviously be to increase the amount of 
magnesium in the phosphate, as was observed in the experi- 
ments of Table VI. The hypothesis fits the facts, therefore, 
on both sides; and, if precipitation is practically complete (as 
was shown to be the case throughout) the argument for the 
existence of an ammonium magnesium phosphate—poorer than 
the normal salt in magnesium—possibly the salt (N H,),Mg(PO,), 
—seems to be strong. 


The Practical Determination of Magnesium and Phosphoric Acid. 

In determining magnesium by the procedure in ordinary use, 
the tendency is strong—as is shown in experiments (1) and (2) 
of Table 1V—toward high plus errors, and the error is 
due to the combined effects of excesses of the precipitant, 
the ammonium salt, and free ammonia. The experiments (11) 
and (12) of B, Table III, show conclusively that such tenden- 
cies to error may be counteracted effectively by pouring off the 
supernatant liquid (through the filter to be used subsequently 
to collect the precipitate) as soon as the precipitate subsides, 
dissolving the phosphate in the least amount of hydrochloric 
acid, bringing it down again, after dilution, by a faint excess 
of ammonia, ‘filtering (best, we think, on asbestos, under pres- 
sure), washing with faintly ammoniacal water, and igniting as 
usual. 

Many years ago* a method of precipitating the ammonium 
magnesium phosphate was advocated by Professor Wolcott 
Gibbs, which consists, essentially, in boiling the solution of the 
magnesium salt with microcosmic salt and adding ammonia 
after cooling, and by which most exact analytical results were 
obtained. Our experience confirms completely that of Dr. 
Gibbs, and we desire to direct attention again to a procedure 
the advantage of which has, unfortunately, not been broadly 
known and accepted. Even in the presence of considerable 


* This Journal [3], v, 114. 
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amounts of ammonium chloride this process yields a phosphate 
of nearly ideal constitution if only the boiling be prolonged 
from three to five minutes. The greater part of the ammonium 
magnesium phosphate—about 90 per cent—forms in this process 
before free ammonia is added, and the ammonium which enters 
the phosphate thus formed is derived from the microcosmic 
salt, which must become correspondingly acidic. Under these 
conditions, the tendency to form an insoluble ammonium mag- 
nesium phosphate richer in ammonia and poorer in magnesia 
than the normal salt, does not develop. In the process of Dr. 
Gibbs, as well in the modified precipitation process in the cold, 
the use of the faintly ammoniacal solution and wash-water is 
sufficient and advantageous. 

In the precipitation of a soluble phosphate by magnesia mix- 
ture the tendency of the precipitant and that of the ammonium 
salt are antagonistic, so that the effect of the latter salt is some- 
what masked, though manifest. This opposition of effects has 
been noted by Mahon,* who, though regarding the actual 
attainment of an exact balance as uncertain, ventures the 
opinion that accurate results should be attainable by the care- 
ful relative adjustment of the proportions of the precipitant 
and ammonium salt. Mahon claims to get the best results by 
a very gradual addition of magnesia mixture to the ammoniacal 
solution of the phosphate containing about sixteen per cent of 
ammonium chloride, strong ammonia being added subsequently. 
From our observations, however, recorded in section C of Table 
VI, it appears that the method of introducing the magnesia 
mixture gradually into the ammoniacal phosphate (taken in 
quantity sufficiently large to give unmistakable indications) 
produces a precipitate deficient in magnesium and so leads to 
errors of deficiency in the phosphorus indicated. The use of 
strong ammonia, moreover, we have shown to be both unnec- 
essary and disadvantageous. Our experiments go to show that 
good results may be expected when the solution of the phos- 
phate containing a moderate excess of the magnesium salt and 
not more than five to ten per cent of ammonium chloride is 
precipitated by making it slightly ammoniacal, the precipitate 
being washed in slightly ammoniacal wash-water. In general, 
however, and especially when more ammonium chloride than 
this proportion, or more magnesium salt than twice the amount 
theoretically necessary, is present, it is safer to decant the 
supernatant liquid from the precipitate (through the filter to 
be used subsequently to hold the phosphate), to dissolve the 
precipitate in a little hydrochlorie acid and reprecipitate by 
dilute ammonia, washing with faintly ammoniacal wash-water. 


* Jour. Amer. Chem. Soc., xx, 445. 
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Art. XX.—The Crystal Symmetry of the Minerals of the 
Mica Group; by T. L. WaLKeEr, Assistant Superintendent 
Geological Survey of India. 


From the time that the symmetry of crystals was deter- 
mined exclusively by the aid of goniometrical measurements, 
there has been a constant degradation of crystals from systems 
of higher symmetry to those of lower symmetry. Many sub- 
stances which were once regarded as tetragonal are now looked 
upon as rhombic; others that were supposed to be rhombic 
have been shown to be monoclinic, while monoclinic has fre- 
quently given way to triclinic. The movement has always 
been downward, lower symmetry replacing higher. This has 
been due in a small measure, to the improvement that has been 
made in goniometers, but principally to the progress of physi- 
eal investigation of minerals. At first it was considered 
remarkable that the optical properties of cubic crystals should 
be strikingly different from those of tetragonal and hexagonal 
erystals, which in turn differed widely optically from rhombic, 
monoclinic and triclinicerystals. At the present time, however, 
physical crystallography is looked upon as so important that 
no crystal can be admitted to any erystal system till it has 
been examined as to its optical, thermal, electric and cohesive, 
as well as to its geometrical properties. Only when the physi- 
eal and morphological properties agree in every respect, is it 
safe to assign a crystal to a particular system. 

The degradation caused by placing physical and morpholog- 
ical examination of crystals on equal footing, found its climax 
in the writings of Mallard,* who seems to have concluded that 
all crystals are composed of asymmetric particles which may 
by twinning simulate higher grades of symmetry—sometimes 
we can detect this twinning geometrically or physically, but 
even when we cannot detect it, we are to suppose it to exist 
ona scale so fine that our means of examination are insuffi- 
cient. 

The study of etching figures as an indicator of erystal sym- 
metry, is one of the newest means discovered by the physical 
erystallographer. This method is often so much more delicate 
than even the optical method that it points to wholesale degra- 
dation. Not only is it much more delicate than the optical 
method, but it can often be used when no conclusion can be 
obtained by any other means. There have been many protests 
against admitting the evidence of this latest and most radical 
witness, as is exemplified by Brauns, when he says: “ Wiirde 


* E. Mallard, Explication des phénoménes optiques anomaux, Paris, 1877. 
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man in dieser Weise die Form der Aetzfiguren unter allen 
Umstinden als ausschlagend ansehen, so wiirde es bald dahin 
kommen, dass man nur noch asymmetrische Krystalle kennt.”’* 
It may be urged, however, that etching figures are always in 
agreement with the optical properties, and, so far as we can 
test them by other reliable methods, they are found to be in 
agreement. 

Few minerals better show this tendency to degradation from 
higher to lower symmetry than do the minerals of the mica 
group. The difficulty in determining the crystal system of 
the micas by goniometrical measurements is seen in the way in 
which very eminent minerologists have differed: Marignac and 
Kenngott held that some micas were hexagonal, and others 
monoclinic. Senarmont considered them all as rhombic; the 
late J. D. Dana at one time looked upon them as partly hexa- 
gonal and partly rhombic; Leydolt found the etching figures 
on muscovite cleavage plates to be symmetrical about only one 
line, and concluded that the micas were rhombic, but hemi- 
morphie about the brachydiagonal. In 1875 Tschermak ob- 
served that the optical axis is not exactly at right angles to the 
basal cleavage and concluded that the micas were monoclinic. 
The only further degradation possible for the minerals of this 
group was suggested by Wiik,+ who observed that the etching 
figures on basal cleavage plates are often asymmetric and con- 
cluded that at least part of the micas were triclinic. These 
results of Wiik, though well known, have not led mineralogists 
to look on the micas as triclinic: at present all text-books 
describe the micas as monoclinic. The cbject in writing this 
paper is to emphasize the conclusions of Wiik by giving addi- 
tional evidence in favor of regarding some, at least, of the 
micas as triclinic. 

We are accustomed to speak of two classes of micas: Ist, 
those whose optical plane is parallel to the clinopinacoid, and 
2nd, those whose cptical plane is at right angles to the clino- 
pinacoid. As the six-rayed percussion figure has one ray 
parallel to the clinopinacoid, we may determine the crystallo- 
graphic orientation of crystal fragments by selecting that ray 
as clinopinacoidal which is either parallel to or at right angles 
to the optical plane. While examining a specimen of rubellan 
from the Eifel in this way to determine its orientation, it was 
observed that the optical plane was neither at right angles nor 
parallel to any ray of the percussion figure but inclined to one 
of the rays at an angle of about seven degrees. This led to 
wider examination of micas and to the following results. 


*R. Brauns, Die optische Anomalien der Krystalle, Leipzig, 1891. 
+ Ofvers. Finska Vet. Soc. Férh. 1880. 
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Phiogopites. 


The measurements were made on the stage of an ordinary 
petrological microscope and may be considered accurate to 
degrees but not to fractions of a degree. The majority of the 
specimens examined were cleavage sheets, either without erys- 
tal edges or with edges which were too rough for exact 
measurement. All those with sharp crystal edges showed that 
the edge 0014 010 is parallel to one of the rays of the percussion 
figures, so that, where good edges were absent the divergence 
of the optical plane from the commonly accepted position 
was measured against that ray of the percussion figure which 
was nearest to being parallel to it. The divergence for any 
one specimen varied with different sheets and for different 
parts of the same sheet. Cleavage fragments about half a 
millimeter thick often showed no divergence whatever, but 
when split to, say a fourth of that thickness, very considerable 
divergence was noted, some thin cleavage fragments from one 
and the same crystal showing very much more than others of 
the same thickness. This, though apparently true in most 
cases, is particularly plain in the case of small amber-colored 
transparent crystals from crystalline limestone from Upper 
3urma, which at a thickness of 1™" generally show no diver- 
gence, but thin plates, about a tenth of that thickness, show 
a maximum divergence of 11° 30’. The position of the optical 
plane on one of these Burmese crystals is shown in fig. 1, p. 204. 
The maximum observed divergences on phlogopites are shown 


below. 
Maximum 
observed. 
Locality. Divergence. Angle 7*. Material used. 
Canada. 
9° Cleavage fragments. 
South Burgess, Ont 61° 53” 
United States. 
Winchester, Pa 17 
De Kalb, St. Lawrence Co., N. Y. 
Pierrepont, 
Rossie, 
‘Macomb, 
Hammond, : Crystals. 
Pope’s Mill, Jefferson Co., N. Y. - Z : Cleavage fragments. 
Muscalonge Lake, N. Y Crystals. 
Finland. 
Pargas 


4 
“ 


“ 


“ 


Upper Burma 11°30’ 60° 20” 
Travancore 14 63 14 Cleavage fragments. 
Merzapur 3 59 20 
Ceylon. 
Radigara 13° 63° 28” 
15 62 27 


* The angle of the percussion figure opposite the clinopinacoidal edge.—Vide 
this Journal, ii, 5, 1896. 


India. 
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These observations prove that in phlogopite the optical plane 
is neither parallel to nor at right angles to the clinopinacoid 
(so called) and compels us to regard this mineral as triclinic, 
which agrees with the conclusions of Wiik, founded upon the 
asymmetric etching figures on the basal’ cleavage plates, as 
shown in fig. 2 [after “Wiik]. The fact that thicker cleavage 
plates often give no divergence accounts for the common view 
as to the position of the optical plane being parallel to the 
clinopinacoid. The freedom from divergence in the thicker 
plates is to be accounted for by supposing the mica to be twin- 
ned polysynthetically in very thin lamellae with (001) as com- 
position face, which is the commonest recognised twinning law 
for micas, the apparent optical plane in a thick erystal plate 
representing the average for the different crystal individuals 
which go to form the cleavage plate. The maximum diver- 
gence then becomes the divergence for a sheet which consists 
of a single individual ; those peculiar etching figures, which 
are somewhat hexagonal in outline with two small inscribed 
equilateral triangles with their points so arranged as to consti- 
tute « six-pointed star, would also be explained on the suppo- 
sition that one of the triangles represents the etching figures 
for one very thin individual, and the other triangle the figures 
for the individual immediately below. 


Biotite. 

It is difficult to determine the exact position of the optical 
plane in the biotites, for the optical angle is so small that the 
hyperbolas of the interference figure scarcely separate when 
rotated between crossed nicols in convergent polarised light. 
This difficulty is also increased by the much darker color of 
the biotites and by their giving much poorer percussion figures 
against which to measure the divergence in the absence of 
erystal edges on the plates. A few of the many biotites ex- 
amined gave definite results. 

Locality. Divergence. Material used. 


India. 
Hazaribagh, Bengal 9° Cleavage fragments of biotite. 


Siberia. 
Lake Baikal 5 


Sweden. 
Wermland 9° 30’ Cleavage fragments of lepidomelane 


Prussia. 
ee 7 Crystal of rubellan. 


These observed divergences would refer biotite to the triclinic 
system which agrees with the etching figures obtained by Wiik 
reproduced in fic. 3. 


“ 


Lithia Micas. 


Only about half a dozen specimens of lepidolite and zinn- 
waldite were available for examination. The optical plane is 
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sometimes parallel to, at other times at right angles to, one of 
the rays of the percussion figure, but never divergent as in the 
case of biotite and phlogopite. ‘This is all the more remarkable, 
for the etching figures obtained by both Baumhauer and Wiik 
are so very plainly triclinic in symmetry. Wiik’s figures are 
reproduced in figs. 4 and 5. 

Muscovite. 

The optical examination shows no evidence for suspecting 
that this mica is other than monoclinic, as we at present regard 
it—this agrees with the etching figures of Leydolt, Banmhauer 
and Wiik. The optical plane is always at right angles to one 
of the rays of the pereussion figure, as is consistent with 
monoclinic symmetry. Wiik’s etching figures are represented 
in fig. 6. 


From the above statement it seems evident that part of the 
micas are triclinic—biotite, phlogopite, rubellan, lepidomelane 
lepidolite, and zinnwaldite, while muscovite is either mono- 
clinic, or, if it be triclinic, it is very finely polysynthetically 
twinned that we cannot find a triclinic individual large enough 
to respond to the optical or etching method. According to 
Mallard, these two are the same—monoclinic crystals (so called) 
are merely very finely intergrown triclinic twins, the symmetry 
plane of the monoclinic being due to the increase of symmetry 
which always accompanies twinning. Lévy has suggested that 
orthoclase or monoclinic potash feldspar is merely a very 
finely twinned microcline. A similar relation may hold for 
the micas. 

Some observers have referred to the etching figures on the 
micas as of monoclinic symmetry. The form of the figures 
depends on the reagent used, its strength and the duration of 
the action. Though the physical symmetry of the crystals 
acted upon is always the same, there may be different amounts 
of symmetry revealed by different conditions, just as alum 
may be grown in forms which are geometrically holohedral, as 
is the case if the crystals are formed in neutral or alkaline 
saturated solutions, but if grown from hydrochloric acid solu- 
tions, pyritohedral faces are nearly always present, affirming 
that all alum crystals are physically hemihedral even when 
geometrically holohedral. It would be as unsafe to maintain 
that the micas are monoclinic, because under some conditions 
certain reagents give etching figures which appear to be mono- 
clinic in symmetry, as it would be to conclude that all alum 
crystals are physically holohedral because under certain condi- 
tions crystals of alum may be obtained which are morphologi- 
cally holohedral. 


Am. Jour. Sci1.—Fourtu Series, Vou. VII, No. 39.—Marcu, 1899. 
14 
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Indian Museum, Calcutta, July, 1898. 


Pig. 
EXPLANATION OF FIGURES. 

FIGURE 1.—Cleavage plate from a crystal from Upper Burma, showing the posi- 
tions of the percussion figure and optical plave. 

FigurE 2.—Etching figures on phlogopite from Pargas, obtained by hydrofluoric 
acid, [After Wiik.] * 

Figure 3.—Etching figures on biotite obtained by hydrofluoric acid. [After 
Wiik. ]* 

FigtreE 4.—Etching figures on zinnwaldite, showing twinning, obtained by hydro- 
fluoric acid. [After Wiik.] * 

Figure 5.—Etching figures on rose-red lepidolite from Mursinsk, obtained by 
action of hydrofluoric acid. [After Wiik.]* 

Figure 6.—Etching figures on muscovite from Kimito, obtained by action of 
hydrofluoric acid. [After Wiik.]* . 

* loc. cit. 
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Art. XXI.— Descriptions of imperfectly known and new 
Actinians, with critical notes on other species, IV: by 
A. E. VERRILL. Brief Contributions to Loology from the 
Museum of Yale College, No. LX1. 


Family Paractips. (Continued from p. 146.) 
Raphactis Caribea, sp. nov. Figures 17, a, n, page 146. 


Base amplexicaul, surrounding completely the branch of a 
gorgonian, the two lobes united beneath by suture. The axial 
line of the stomodzeum lies across the branch, in the type. 
Column low, its surface covered by slightly raised elevations, 
due apparently to wrinkles, their surfaces smooth ; a few small 
warts are scattered near the collar, which is thickened and has 
about 30 small, short, crowded, longitudinal ridges ; their lower 
or outer end is largest and most raised. Tentacles numerous, 
about 72, crowded in four or five rows, moderately stout, 
tapered, entirely retractile. Mesenteries numerous, thin, about 
36 pairs join the outer part of the disk, where some of the 
smallest bear small gonads. About 12 pairs join the upper 
part of the stomodzeum, but lower down there appear to be 
only six perfect pairs, most of which are tertile, if not all. 
Their longitudins' muscles are broad and very thin. 

Height of column of contracted specimen, 4""; longest 
diameter 11™". Color unknown. 

Off St. Vincent, W. Indies, 124 fath., Blake Exped., on a 
brown gorgonian. 


Stomphia Gosse, 1859. 

Carlgren, op. cit., p. 86, 1893. 

This genus, established for 8S. Churchiw alone,* has been 
studied anatomically and histologically by Carlgren. It is very 
nearly allied to what I consider typical aractis.+ It has a 


* Paractis vinosa MeMur., op. cit., 1894, p. 167. appears to be related to Stomphia. 
The number of tentacles is said to be 64, but “the mesenteries are 32 in number, 
16 being perfect” (p. 164), and ‘‘only the imperfect mesenteries are gonophoric.” 
"he number of tentacles given would indicate the presence of 32 pairs of mesen- 
teries, which Prof. McMurrich informs me is the case, an error having occurred 
in his description. The agreement with Stomphiu is therefore close, except that 
u our larger examples of the latter the perfect mesenteries are also gonophoric. 

Cymbactis feculenta MeMur., op. cit., 1893, p. 174, seems also related rather 
‘losely to Stomphia, but has thicker mesogloea, fewer tentacles, 12 pairs of per- 
lect mesenteries, and a feebler sphincter than the type. 

+I do not consider Paractis excavata Hert. a true Paractis. The latter name 
should be restricted to such plain forms as agree externally with 7. impatiens 
(Dana). The latter is the first species named by Edw. and Haime and should be 
the type if it prove, when anatomically studied, to be a paractid, If not, then 
some of the other named species of similar form should be taken as the type. J. 

‘ea, described below, is such a species, but cannot be taken as the type, for it 
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smooth wall, much thickened at the submarginal fold. There 
are 16 to 24 pairs of perfect mesenteries, the number being 
variable ; their longitudinal muscles are thin and diffuse. The 
perfect and part of the imperfect mesenteries are gonophoric, 
in the type. Tentacles are numerous and rather stout. 


Stomphia carneola (Stimp.) Ver. Figures 24, 24a—-24d. 

Actinia carneola Stimpson, Invert. Grand Manan, p. 7. 1852. 

Rhodactinia Davisii (var. 4) Verrill, Revision Polyps E. coast U. States, pp. 19, 
20, 1864. 

? Stomphia Churchie Gosse, Ann. Nat. Hist., Ser. IIT, vol. iii, p. 48, 1859; 
Actinol. Brit., p. 222, pl. viii, fig. 5, 1860. Andres, op. cit., p. 369, 1884. 

Carlgren, Kongl. Svenska, Vet.-Akad. Handl., xxv, 2, p. 80, pl. i, viii, ix, x 
(anatomy and histol.), 1892. 

? Stomphia coccinea (Miill.) Carlgren, op. cit., appendix, p. 138 (not Sagartia coc- 
cinea Gosse, perhaps not Miller’s sp.) 

Column and base very versatile in form; the base may be 
broadly expanded or much contracted ; and when detached may 
become small and puckered or swollen and conical. Column 
may be eylindrical, or almost hour-glass-shaped, or bottle- 
shaped, these changes taking place very rapidly. The wall is 
smooth in expansion, more or less wrinkled when contracted : 
there are neither verruecze nor suckers; a distinet thickened 
marginal fold or collar may be formed in contraction. Tentacles 
rather long, tapered, moderately stout, versatile, often per- 
forated, banded ; 96 or more in the larger specimens, in two 
or three crowded marginal rows, the outer ones distinetly 
shorter and smaller. Disk very changeable, convex or concave. 
Month often raised ; siphonoglyphs two; lips with numerous 
(about 14) small folds on each side. 

Color variable, usually bright and translucent ; column gen- 
erally pale pink or flesh-color, irregularly splashed and mottled 
with rose red, carmine, or scarlet, except just below the mar- 
gin, where there is usually a zone without spots; sometimes 
the whole surface is plain flesh-color, or pale greenish white. 
Tentacles usually pale pink or flesh-color with three bands of 
rose-red or carmine, of which the distal occupies the tip ; from 
the proximal band a narrow line of red usually runs along each 
side of the base to the outer part of the disk, where it may 
form a short radial line; but these are often interrupted, so as 
to form a circle of red spots on the disk; another circle ot 
small red spots usually oceurs near the mouth. There is 
usually a flake-white spot at the inner base of each tentacle. 
was not originally referred to the genus by Edw. and Haime. The same is tru 
of P. Peruviana (Less.), adopted as type by Andres. 

Alloactis, new genus. Type A. excavata (Hert.). Paractidee with the cireular 
muscles of the tentacles unequally developed at the base, it being much thick- 
ened on the inside. Wall suleated. No mesenterial stomata. 

A, excavata was taken in 1375 fathoms by the Challenger. 
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The ground-color of the disk is usually pale pink, but it may 
he pale cream-color or greenish white. The mouth is nearly 
always surrounded by a narrow circle of bright rose-red, 
orange-red, or scarlet on the lips; the angles are usually brighter 
varlet or vermilion; inside of mouth pink or pale salmon. 

In transverse section the wall and base are very thin. The 
mesenteries are also unusually thin, owing to the very feeble 
development of the longitudinal muscles; 16 or more pairs are 
perfect and nearly equal in the larger specimens, but the num- 
ber is variable; sometimes 24 or more pairs join the upper part 
of the stomodeum, or even lower down; but only 16 pairs 
usually join it at its proximal end; those of the 4th cycle 
are small and often more or less irregularly developed, in 
the different sextants. Usually, in the larger specimens, a pair 
is regularly developed between all the pairs of perfect ones ; 
in the stomodzeal region these are about one-third as broad as 
the perfect ones and have longitudinal muscles. All of the 
perfect and part of the imperfect ones bear gonads, near the 
base. Some small ones of the 5th cycle also oceur near the 
base. The sphincter muscle is mesodermal, diffuse, elongated, 
gradually becoming larger distally, and elub-shaped or retort 
shaped. The mesoglcea is considerably thickened in the region 
of the sphincter. The two siphonoglyphs are continued down- 
ward by a short lobe at each angle of the stomodzum, which 
is large, with about 16 plications on each side. 

Height of column, in full expansion, 2 inches (50™"); diam- 
eter of disk about 1°5 inches (87""); length of longer ten- 
tacles about inch (10 to 15™"). 

Bay of Fundy; Eastport Harbor; Johnson’s Bay, near 
Eastport, Me. Not rare in 8 to 35 fathoms, on stony bottoms. 
Taken by me in 1861, ’63, ’64, °68, °70, and 1872 

Specimens of this species were described by me in 1864 
(Revis. Polyps, pp. 19 (var. 4), 20) as a variety or young of 
Urticina crassicornis, which it bat resembles in form and 
color. At that time, however, I stated that it agreed closely 
with Stomphia Churchiw Gosse. Tlie anatomical characters 
of the latter were, of course, then unknown. 

There can be little doubt that S. Churchia is identical with 
our species,* but the latter name is later than carneola, in case 
they prove identical when directly compared. It has been 
thought by some writers that Actinia coccinea Miill. is identi- 
cal with 8. Churchie, but of that I cannot judge. Carlgren 
also takes this view in the appendix to his article, but accord- 
ing to Gosse and others that species is a Sagartva. 

*The slight differences between the anatomical description given by Carlgren 


and my own are doubtless due partly to the greater size of my specimens and partly 
to the modes of preparation, and to individual variations, 
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There can be no doubt of the identity of my specimens 
with Stimpson’s carneola. It not only agrees with his deserip- 
tion, but Dr. Stimpson was with me on several occasions when 
we dredged it at Eastport, Me., in considerable numbers, and 
he positively identified it as his species, but he, at that time, 
agreed with me that it probably was a variety of 1. crassi- 
cornis. 


Explanation of figures. 


Fig. 22. Raphactis nitida V. A cluster of nine, surrounding stems of 
hydroids, Somewhat less than natural size, from alcoholic specimens. 

Fig. 24. Stomphia carneola (St.). Side view of a large specimen, one-half 
natural size, from life. 24a, Section of same, with 23 perfect pairs of mesen- 
teries, x 2; st, upper part of the stomodeum; d. d, directives. 24), Longitudinal 
section of the marginal region of the wall; m, thickened mesogloea of the collar: 
s, section of sphincter muscle. 24c; 24d, two characteristic forms assumed in 
life, when unattached, 4 nat. size. 

Fig. 25. Epiactis prolifera V. One of the types, x2; y, young attached to 
sides. 

Fie. 29. Sagartia leucolena V. Partly contracted, showing invagination below 
margin; a, acontia; from life. 

All the drawings are by A. H. Verrill, except 24, 24c, 24d, which are from 
sketches by the author. 
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Paractis nivea (Less.). Figure 16, page 146. 

Actinia nivea Lesson, Voy. Coquille, p. 81, pl. iii, fig. 8, 1832. 

Sagartia nivea Verrill. Trans. Conn. Acad, i, p. 485, 1869 (non Duerden). 

Aiptasia nivea Andres, op. cit., p. 175, 1884. 

The wall in most parts of the column is very thin, but 
strong and parchment-like, often with smooth satin-like ap- 
pearance, and when seen with a lens it may appear somewhat 
tibrous transversely ; it shows about 48 mesenterial lines. In 
contraction it is variously, but rather closely and deeply, 
transversely wrinkled, showing that it is a much elongated 
species when in full expansion, The sphincter muscle is 
rather broad and diffuse, without a very detinite outline. The 
mesogloea is thickened near the summit so as to form a fold in 
contraction : ; another fold often occurs lower down, when 
strongly contracted, the upper part being somewhat invagi- 
nated into the lower. In these examples there may appear to 
be a second sphincter, due to the longitudinal contraction. 

The perfect mesenteries are usually in 12 pairs, but vary 
from 12 to 16, and rarely 24 pairs, all of which appear to bear 
gonads. A variable number of small mesenteries occur be- 
tween the perfect ones; usually those of the third cycle are 
well developed and bear gonads, but those of the fourth cycle are 
very radimentary and do not bear gonads; small rudiments of 
the fifth eyele may also oceur. The longitudinal muscles of 
the perfect mesenteries are not very thick, but cover most of 
their breadth. 

Tentacles are very numerous and may be entirely infolded 
and concealed; in the larger examples there are over 120; 
they are closely crowded in four or five rows; even in alcohol 
they are rather long and slender with acute tips; the outer 
ones are much smaller than the inner. In some alcoholic 
specimens, preserved for thirty years, the tentacles, when they 
have been protected by retraction, still retain a reddish brown 
tint, but others are pure white. The tentacles in a large num- 
ber are fully exposed. Probably the color is variable in life. 

The larger specimens are 15 to 18™" in diameter; some are 
25 to 3om™ long, with a diameter of 8 to 10", 

Callao, Peru, on the bottom of an old vessel that had been 
more than a year in that port. They were mostly living in 
the interstices of large clusters of Discina levis. 

This species looks like a Sagartia, but noacontia were found 
in numerous specimens dissected, hence I refer it to Paractis. 


Subgenus Archactis, nov. Type A. perdix. 


30dy nearly smooth in expansion, broad, usually cylindrical ; 
base broad, muscular ; margin without distinct fold or thicken- 
ing, in expansion ; disk broad, often undulated ; tentacles 


> 
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hexamerous, very numerous (up to 300 or more) in many rows, 
long, tapered, inner ones far from margin, strongly entacmzeous. 
Mouth large, with two siphonoglyphs and many lateral folds. 
Stomodzum with two large basal lobes, making prolongations 
of the siphonoglyphs; mesogloea of wall rather thick, very 
flexible, strong ; ectoderm soft; sphincter muscle very broad, 
diffuse, mesodermal, moderately thick distally. Mesenteries 
hexamerous, very unequal, numerous, with broad, thin, diffuse 
longitudinal muscles; 12 or more pairs perfect ; all the mesen- 
teries fertile, except the directives and the rudimentary ones 
of last cycle. 

The following species differs so much from the ordinary 
species of /?aractis, that it seems desirable to make it the type 
of a generic group, especially as the true type of Paractis is 
not yet determined. It is closely allied to Stomphia, but lacks 
the thick collar and sphincter of that genus, and has a thicker 
column-wall, lower down. The mesenteries are also more 
graduated in size. 


Paractis (Archactis) perdix Ver. Figure 26. 

Urticina perdix Ver , this Journal, xxiii, p. 223, 1882; Bulletin Mus. Comp. 
Zool., xi, p. 49, pl. vii, figs. 1. la, 1883; Annual Rep. U.S. Fish Comm., xi, p. 
534, pl. v, figs. 19, 19, 196, 1885. 

This large and beautiful species has been pretty fully 
described as to its exterior, in the works cited above. The 
tentacles are about 384 in an average specimen. Alcoholic 
specimen of medium size (diameter of column 1°5 to 2 inches) 
when dissected had five complete hexamerous cycles of paired 
mesenteries, and rudimentary ones of the sixth cycle at the 
periphery of the disk (formula, 6+6+12+24+48+96 = 192 
pairs). Of these, 94, or all belonging to the first five cycles, 
except the two pairs of directives, are fertile and bear large 
gonads ; those of the first three cycles are mostly below the 
stomodzeum, while those of the 4th and 5th are in the stomo- 
deal region and extend nearly to the disk ; a few of the nar- 
row rudimentary mesenteries of the 6th cycle also bear small 
gonads, close to the disk. Near the lower part of the stomo- 
dum there are 12 pairs of perfect thin mesenteries, the six 
lateral primaries being distinctly wider and stouter than the 
rest. Higher up 12 more pairs (3d cycle) may join the sto- 
modzeum and differ but little from those of the 2d cycle ; close 
to the disk some of those of the 4th cycle may join the stomo- 
deum. Lower down those of the 3d and 4th cycles are free 
and successively somewhat narrower, though still broad, while 
those of the 5th cycle are much narrower, but all are regular 
and fertile. The longitudinal muscles are feebly developed on 
all the mesenteries ; even on the perfect ones they are scarcely 
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thicker than the oblique muscles of the opposite side. They 
extend over the whole breadth of the mesenteries, in a nearly 
uniform thin layer ; the mesogloea is thin with only rudimentary 
muscle-processes. 

The stomodzeum is long and large, extending down to about 
midheight of the body; the two siphonoglyphs are very deep, 
smooth inside, and extend downward as two large pocket-like 
lobes, far below the stomodzum, and nearly to the basal disk. 
They are about half as long and nearly half as wide as the cen- 
tral part of the stomodzeum. The free parts of the directive 
mesenteries are therefore short, narrow, and sterile. The 
walls of the stomodzeum are strongly folded and also have, 
each, about 36 principal interior plications on each side, nearly 
all of which are dark brown in color, even after being 16 
years in alcohol. 

The sphincter muscle is mesodermal, very broad, but not 
very thick, though it forms more than half the thickness of the 
wall distally, where it is slightly club-shaped, in section, and 
blunt at the end; it extends down about half the height of the 
column, gradually becoming thinner, but locally thickened 
where the body is most contracted. The wall is flexible, but 
strong, and of moderate thickness; the mesoglea is rather 
thick, compact and nearly even; not much thickened at the 
collar; the ectoderm is rather thick, soft, and so folded by the 
tine wrinkles, running in both directions that the whole surface 
often appears to be covered by small wart-like, irregular eleva- 
tions and papille, but the mesogloea does not rise into them. 
When living it was smooth, or nearly so, in full expansion. 
The whole body contracts very much in alcohol, and more so 
than most species. The collar is but slightly marked even in 
the contracted specimens, and is not apparent in the live ones ; 
the fosse is also very slight; the margin is tentaculate; the 
outer tentacles, in alcohol, are very short and conical. 

This remarkable species was taken on the Gulf Stream slope, 
south of Martha’s Vineyard, in 62 to 192 fathoms. It lives 
well in aquaria. One large specimen was kept two months. 
On one occasion it caught and swallowed a very active golden 
mackerel (Caranz) a foot in length, though several inches of 
the fish’s tail projected out of the mouth for some hours. 


Synanthus mirabilis Ver, Figure 23. 

This Journal, xviii, p. 474, 1879; Bulletin Mus. Comp. Zool., xi, p. 48, 1883, 
pl. vi, fig. 9; Ann. Rep. U. S, Fish Com., p. 534, 1885. 

Two alcoholic specimens are now figured ; these are united 
by sutures, side by side, and — surround a branch of 
Paragorgia, like a ligature, making a deep constriction, as in 
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the original types. Tentacles retractile, about 96, rather stout, 
closely crowded in four or five rows. Wall smooth, and cov- 
ered with a soft ectodermic layer, which rubs off very easily, 
leaving a smooth tough surface, slightly sulcated near the sum- 
mit, and with about twelve principal convergent ridges and 
some smaller ones alternating. These do not form very deti- 
nite structures, but are apparently due entirely to contraction. 
Wall in the region of the collar very thick and firm, with 
thick mesoglea. Sphincter muscle mesogleeal, much enlarged 
in the collar, gradually thinning out below. 

Mesenteries numerous ; about 48 pairs may join the outer 
edge of the disk, of which some of the smallest bear distally 
small gonads. Only six perfect pairs join the middle of the 
stomodeum ; these are fertile at base;* those of the second 
cycle are nearly as wide and carry large gonads ; those of the 
third cycle are narrow, partly fertile; those of the fourth are 
rudimentary, except at the outer edge of the disk. The longi- 
tudinal muscles of the mesenteries are thin, but cover most of 
their breadth ; they are largest on the lateral primaries. There 
are two pairs of directives and two siphonoglyphs well devel- 
oped, but one is deeper. The stomodzeum is short. Mouth has 
six principal folds on each side. No acontia could be found, 
nor any cinclides. 

Height, in alcohol, about 4"; diameter of column 10 to 
19™™ 

Off Nova Scotia, Gloucester fisheries, Lot 534. 

The apparent total lack of acontia and cinclides compels 
me to place this genus in the Paractide. Its thickened collar 
and large sphincter are much like those of Stomphia and 
Raphactis. From the last it differs mainly in lacking the 
thickened, solid, submarginal ridges. Quite likely larger 
examples might have 12 perfect pairs of mesenteries, as those 
of the second eycle are wide, in our small specimens. In 
Paractide the number of perfect pairs nearly always increases 
with age. It also has the habit of Gephyrwa, but the latter is 
a Sagartian. 

* Under the name Paractis lineolata (Dana, sp.) MeMurrich has described a 
species with only six pairs of perfect mesenteries, which are also sterile, as in 
many of the Sagartiade, It had about 96 tentacles and four cycles of mesen- 
teries, while Dana’s species had but 24 tentacles, though seemingly of larger 
size. The differences combined with the fact that Dana’s species was from the 
shore of Orange Harbor, while the Albatross specimens were from N, lat 
8° 16’ 30’, in 47 fathoms, render it almost incredible that they can be the same. 
The latter may possibly be a Sagartian which had lost its acontia, as often happens. 
To avoid confusion I propose to name it Antiparactis dubia, considering the 
genus as a doubtful paractid, characterized by the six pairs of sterile perfect mesen- 
teries. It has a large mesodermal sphincter muscle in a thickened submarginal 
fold of mesogloea, as in many Paraclide and Sagartiade. Its base is not 
amplexicaul. 
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Ammophilactis, gen. nov. Type A. rapiformis (Les.). 


Paractid actinians adapted for living in sand, and having a 
small base, with a round or obtuse limbus in contraction. 
Wall thin, smooth, tough, often translucent and showing the 
insertions of the mesenteries. A strong mesogloeal sphineter 
muscle, situated in a thickened part of the wall, which, in con- 
traction, forms a sort of thickened collar, protecting the sub- 
marginal, invaginated region; the latter has a very thin wall, 
covered with numerous minute, rounded, adhesive papill, 
which are not always visible in expansion, but are capable of 
attaching sand grains. Tentacles tapered, numerous (up to 
144 or more), in several rows; the inner ones are far from the 
margin, larger, but not much longer than the outer ones. 
Mouth large, with two siphonoglyphs, and with 12 to 16 folds 
on each side. 

Mesenteries numerous; 24 pairs are perfect, and have broad, 
strong muscles. Imperfect mesenteries of the fourth cycle are 
also muscular; those of the fifth cycle are feebly developed. 
The perfect and the larger imperfect mesenteries bear gonads. 

Differs from true Paractis in its elongated body; the re- 
duced and feeble base ; submarginal band of snekers, ete. 
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Ammophilactis rapiformis (Les.) Ver. Figures 28, 33. 

Actinia rapiformis Les., Proc. Phil. Acad., I, p. 171, 1817. 

Paractis rapiformis Edw. & Haime, I, p. 249, 1857. 

Actinia (?) rapiformis Ver., Revision Polyps, p. 35, 1864; Proc. Boston Soe. 
Nat. Hist., x, p. 338. 

Paractis rapiformis Ver., Invert. Vineyard Sd., p. 444, [738], 1873; this Jour- 
nal, III, p. 436, 1872 (deser.). Dana, Coral Islands, Kd. 2, p. 23, cut, 1874. 
Andres, op cit., p. 262. 

Sagarlia modesta Dana, Coral Islands, Ed. 1, p. 23, figure, 1872 (non Verrill). 


A living specimen found by me in a tide-pool at Outer 
Island, near New Haven, had the following characters in life: 
Height of column in extension, about 3 inches (80); diam- 
eter of disk 1 inch (25""); of column *5 to 1 inch (12 to 25™™; 
of base about *5 inch (10 to 12"); length of tentacles °5 to 1 
inch (12 to 25™"), 

The longer tentacles are equal to the diameter of the disk, 
or even exceed it; they are slender, tapered acute, arranged in 
several rather crowded rows, the inner series of six are about 
midway between the mouth and margin; the next six only a 
little farther outward ; the outer ones are only a little shorter, 
crowded ; mouth oblong or elliptical with about 14 folds on 
each side and a siphonoglyph at each end. Color of column 
translueent yellowish white with the mesenterial sutures show- 
ing through, as paler lines. Tentacles pale gray, with a 
brownish central line and white tips; each has also, on the 
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inner side, near the end, a flake-white linear median spot or 
line, with another like it near the middle, and a less evident 
roundish white spot on the inside, near the base; at the base, 
on each side, there is a lunate spot of dark brown, the two 
nearly meeting in front; from each pair of these spots two 
narrow lines of white, edged with orange, run toward the 
mouth, but most of them do not quite reach it, but those of 
the inner rows reach the lips. The disk is grayish white with 
a halo of pale bluish around the mouth. 

This specimen was loosely attached to algz and probably 
had been recently washed out of the sand by a storm. 

Another specimen from near New Haven (coll. J. D. Dana), 
of about the same size, preserved in alcohol, has 24 pairs of 
perfect mesenteries, nearly equally developed, two pairs being 
directives. Between each pair of perfect ones there is a pair 
of imperfect ones, about one-third as broad and with strong 
muscles. In some places rudiments of another cycle can be 
found. The longitudinal muscles of the perfect mesenteries 
are strong and extend over most of their breadth, being most 
thickened at about the inner third. Gonads are borne both 
by the perfect and imperfect mesenteries. The wall is smooth, 
thin, but tough, and somewhat parchment-like in alcohol, not 
much wrinkled, though sometimes fluted longitudinally; the 
mesenteries show through by translucency, as whitish lines. 
In contraction, there is a thickened collar below the margin, 
containing a rather strong, diffuse, mesogloeal sphincter muscle. 
Between the collar and the margin the wall becomes very thin 
and soft and is covered with numerous very small adhesive 
papillae, or suckers. 

The mouth has two siphonoglyphs and about 12 principal 
folds on each side with several other smaller ones, making 
about 16. The tentacles number about 120; they form four 
or five rows, the outer ones crowded. The marginal tentacles 
are smaller than the inner ones, but not much shorter. The 
basal disk is small, thin, and without a definite margin, the 
limbus being obtusely rounded. 

This is one of the specimens figured by Professor J. D. Dana 
(Coral Isl., p. 23), but his figure of the mesenteries is entirely 
diagramatic and was not made from a section. 


Phelliopsis, gen. nov. Type P. Panamensis V. (See p. 144.) 


General appearance and habit as in P/el/ia. Column much 
elongated, but capable of contraction to a short cylindrical, 
pyriform, or ovate form and of infolding the summit so as to 
conceal the tentacles, though these are often exposed in pre- 
served specimens. Base with a well developed adhesive disk, 
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about as wide as the column. Cuticle of the scapus thin and 
closely adherent ; integument of alcoholic specimens strongly 
and closely wrinkled transversely and longitudinally, but with- 
out distinct suckers or verruce. Submarginal zone without 
cuticle, plicated in contraction. Tentacles numerous, strongly 
entaemous, arranged in several circles. 

Mesenteries numerous, hexamerous, very unequal. Six 
pairs of perfect and fertile mesenteries* in the type. These 
have very thick and strong longitudinal muscles. Sphincter 
muscle rather wide, diffuse. No acontia could be found in 
several specimens dissected. 

The apparent lack of acontia and cinclides compels me to 
refer this genus to the Paractida, though it has the appear- 
ance of a Phellia. 


Phelliopsis Panamensis Ver. Figures 37, 37a. 


Phellia Panamensis Verrill, Trans. Conn. Acad., I, p. 490, 1869. Andres, op. 
cit., p. 127, 1884. Hertwig, Voy. Challenger, vi, p. 81, 1883. 


The original description of this species is pretty complete, 
as to external characters. 

The tentacles are in four or five close circles; they vary 
from 72 to 96 or more; they are strongly suleated by contrac- 
tion. In longitudinal sections the stomodzeum is short, strongly 


plicated, and has two siphonoglyphs, while the elongated region 
below it is largely oceupied by the 12 thick and very muscular, 
perfect, mesenteries and the large gonads that they bear, extend- 
ing from the stomodzeum to very near the base (fig. 30, 0). 
The imperfect mesenteries, between these, are very much nar- 


*In my original description of the type species (1869), I stated that the large 
primary mesenteries were very muscular and fertile, but Hertwig (Voy. Chal- 
lenger, vi, p. 81, 1883), when little else had been published in regard to the 
anatomy of any Phellia, expressed more than a doubt as to the correctness of my 
statement. He wrote, in regard to it: “This so flatly contradicts all observations 
on the distribution of the reproductive elements in the Actiniw that Verrill must 
somehow have been mistaken.” ‘His observations are of no use for another 
reason, namely, that he says nothing about the relation of the septa to the 
cesophagus.” 

As to the last remark, I originally stated that the fertile septa were the large 
ones, “ corresponding to the 12 large inner tentacles” and presumed that every 
naturalist would know that such mesenteries always join the cesophagus, or are 
“perfect” to use Hertwig’s term. His remark, however, illustrates the useless- 
uess of generalizing as to the internal structure of genera of Actinize that one has 
not dissected. This has also been well shown in the case of the species referred 
to Sagartia. 

As for those actimans that belong to the true Sagartian Phel/ine, it is now 
known, from the studies of Danielssen and others, that in many of the species the 
perfect mesenteries are fertile, while in others they are sterile. But it is not 
known whether these differences may not be due to age or to the season of the 
year, in many actinians. Perhaps the gonads develop successively on the dif- 
‘erent eycles of mesenteries in such cases. 

The species that Hertwig examined anatomically and described, in the work 
cited, as Phellia pectinatus is not a Phellia, but probably belongs to Chondractinia. 
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rower and thinner; those of the second cycle bear smaller 
gonads, on the upper parts in the stomodeal region. In the 
larger specimens seven pairs of :small imperfect mesenteries 
intervene between the perfect pairs, there being four hexam- 
erous cycles. The small mesenteries decrease in breadth suc- 
cessively ; those of the second and third cycles have well 
detined thickened, but narrow, muscles; those of the fourth 
are very narrow. 

The wall is flexible, but moderately thick and tough, owing 
to the well developed but irregular mesogloea, which rises 
internally into irregular lobulate processes, corresponding to 
the external plications and wrinkles. It becomes thin and soft 
in the capitulum. The circular muscle is distinct and con- 
tinuous, but thin. The sphincter in section is elongated, 
becoming thicker near the upper edge (fig. 30, s). There is a 
large mesenterial foramen in the stomodeal region (fig. 30, 7). 


Family Bunopactip® Ver. See No. II, p. 42. 


The principal distinction of this family, as compared with 
Paractide, is the sharply cireumscribed endodermal sphincter 
muscle, which is often only attached to the wall by a part of 
its outer surface. Its outline, in section, is usually ovate or 
subcireular, but it varies in form in the same species, accord- 
ing to the degree of contraction. Many Phyllactide (Aster- 
actis) have a similar sphincter, and it is probable that they will 
hereafter be united with this family. The mesenteries and 
tentacles may be either hexamerous, decamerous, or octamerous, 
and are often irregular in number and arrangement.* There 
are usually two pairs of directives and two siphonoglyphs, but 
may be only one; sometimes there are three, or even four. 
These variations may —_ in one species. Perfect pairs of 
mesenteries are usually 12 or more, and generally all are fertile 
and strongly muscular. Verruce or adhesive suckers are 
usually present on the column, but not always. No acontia 


are present. 


* As a rule, the anatomical investigations of actinians have, up to this time, 
been based on a single specimen, or else on a very few, usually collected at the 
same season of the year, so that we do not know whether the gonads do, or do 
not, develop successively on the different mesenteries, even in common species. 
Moreover, in several cases where considerable numbers of specimens of one 
species have been dissected, variations often of the most remarkable kind have 
been found in the arrangement and number of the mesenteries; number of pairs 
of directives, and of perfect mesenteries; form of the sphincter, ete. This is 
especially the case in several species of Sagartia, Metridium, Bunodactis, Urticina 
Of the latter, I have found many specimens hexamerous, both 


crassicornis, ete. 
some octamerous; 


as to tentacles and mesenteries; many others decamerous; 


and a few irregular or unequally developed on opposite sides. Thus it seems 
that such internal anatomical characters are often as variable and no more reliable 
than external characters in certain groups of Actinaria, 
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Fic. 23. Synanthus mirabilis V. x2; a, b, sutures between two individuals; 
, branch of Paragorgia; d, constricted and broken end of same type 

Fig. 26. Paractis (Archactis) perdix V. 4 size, from life, in extreme expansion. 

Fig. 27. Actinostola callosa V. 4 size, from life, type. 

Fig, 28. Ammophilactis rapiformis V. % size, from life. 

Fig. 30. Stephanauge abyssicola Ver. x2: side view, from an alcoholic speci- 
men, showing cinclides. 

Fie. 31, The same, partially expanded; type of Actinauge nexilis V. 

Fic. 32. Urticina crassicornis, + nat. size; hexamerous variety, from a photo- 
graph of a living specimen. 

The drawings are by A. H. Verrill; figs. 26, 27, 31 are modified from studies 
by J. H. Emerton. 
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Anthopleura Japonica Ver., sp.nov. Figure 39. 


The body is contracted in alcohol to an ovate form, the disk 
and tentacles being concealed and the base reduced to a’small 
concave area, but it is somewhat mutilated. 

Above the middle the wall is covered with fine transverse 
wrinkles and has unequal vertical rows of concave adhesive 
suckers. Higher up these are replaced by hollow, round or 
conical verruce, and then by more prominent papille, the 
upper ones becoming lobulated more or less on the outer and 
under sides by small papille. Of marginal papille there are 
48 rows, larger and smaller, but of these rows only about 36 
are prolonged downward by rows of suckers. Some of the 
marginal papillae seem to be perforated. The mouth has two 
siphonoglyphs. Tentacles about 96, rather stout, tapered, 
arranged in three or more crowded rows. Probably they were 
rather elongated in expansion. The sphincter muscle is endo- 
dermal, rather large, ovate in section, sharply circumscribed. 

Mesenteries are in four regular hexamerous cycles, all much 
thickened ; those of the 3d and 4th cycles are successively nar- 
rower and smaller; 12 pairs are perfect and nearly equal, 
including two pairs of directives. All bear strong, thickened, 
pleated longitudinal muscles ; those of the perfect pairs extend 
over more than two-thirds of their breadth and are thickest 
about the middle. All, or nearly all, the mesenteries bear large 
gonads. Some of them are mutilated in the type. The color 
in life was not noted. 

Simoda, Japan, U.S. N. Pacific Expl. Exped.,—Dr. Wm. 
Stimpson, 1854. 


Bunodactis Manni Ver., sp. nov. 


Column more or less cylindrical; base somewhat expanded. 
Tentacles numerous, in several crowded series, tapered, acute. 
Column closely covered with numerous, small, rounded ver- 
ruc, arranged in many vertical series. 

Color of column usually dark green; verruce dark red or 
brown; disk, around the mouth pink or light red; tentacles 
dark red. 

Height, in expansion 25 to 50™" (1 to 2 inches); diameter of 
disk 35™" or more. 

Hawaiian Islands, at and below low water mark in crevices 
of rocks and attached to stones. 

The above description was prepared many years ago, and 
I now find no specimens in our collections to correspond with 
it. It was named in honor of my friend, Mr. Horace Mann, 
a young botanist who visited the Hawaiian Islands to make 
botanical and zoological collectionsand who contributed largely 
to a knowledge of the botany of the islands, but died before 
his work was finished. 
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Arr. XXII.—A Study of some American Fossil Cycads. 
Part I. Zhe Male Flower of Cycadevidea; by G. R. 
WIELAND. (With Plates II-IV.) 


Introduction. 


THE Mesozoic formations of the Rocky Mountain region, 
especialiy around the Black Hills, have furnished few fossil 
forms of higher scientific interest than the silicified trunks of 
Cycads there preserved in great perfection. Most of these 
specimens retain both their external features and internal 
structure in such minute detail as to make possible a more 
complete biological study of the entire group than has hitherto 
been attempted. 

There is now in the Museum of Yale University a series of 
these rare fossils, including several hundred individuals repre- 
sented by complete, or nearly complete, trunks. For this 
superb collection of fossil Cycads, Science is indebted to the 
generosity and untiring zeal of Professor Marsh, who has also 
given the writer the privilege of examining the entire series. 

The exact geological age of these Cycads is still in dispute, 
but their general position is in the middle Mesozoic, and is most 
probably Jurassic, as suggested by Professor Marsh in the fol- 
lowing statement : 

“In the Rocky Mountain region, especially around the margin 
of the Black Hills, a definite horizon likewise exists, in which 
great numbers of Cycad trunks are found in remarkable pres- 
ervation. These Cycads resemble most nearly those from 
Maryland, found in what I term the Pleuroccelus beds of the 
Potomac formation. In the Black [ills, the age of the hori- 
zon has not been accurately determined. * * * Until recently 
the Cycads of the Black Hills, although of great size and 
remarkable preservation, have not been found actually in place. 
In the large collection of Cycads belonging to the Yale 
Museum, a few have been discovered apparently where they 
grew, and systematic investigation will doubtless show that the 
various localities where these fossils have been found around 
the Black Hills are all in one horizon. The evidence now 
available indicates its Jurassic age, and suggests that it is 
essentially the same as that of the Cycad beds in Maryland, 
which I regard as a near equivalent of the well-known Cyead 
horizon in the Purbeck of England.”* 

* The Jurassic Formation on the Atlantic Coast.—Supplement.—This Journal, 
vol. vi, p. 115, August, 1898. See also, the present number, p. 229. 


Am. Jour. Sci.--Fourtn Series, Vout. VII, No. 39.—Marcn, 1899. 
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Prof. L. F. Ward, however, has recorded his opinion that 
this horizon is Cretaceous.* While these fossil Cycads must 
eventually prove of much greater value to stratigraphy than 
isolated leaves, as pointed ‘out by Prof. Marsh, their present 
interest is mainly of a structural character. 

The living Cyeads constitute one of the most ornate and 
characteristic orders of plants, and, occupying, as they do, a 
position on the border-land between the higher Cryptogams 
and lower Phanerogams, their ancestral relationship is of con- 
siderable interest in itself, though but little progress has yet 
been made in working out their phylogeny, owing largely to 
imperfect knowledge ‘of the fossil forms. 


The Male Flower of Cycadeoidea ingens, Ward. 

The male fructitication of fossil Cyeadean trunks has not 
hitherto been determined with certainty. An element of doubt 
surrounds the identity of the separate inflorescences usually 
heid to have been derived from extinct Cycadew, due to the 
fact that the Mesozoic Cycads were accompanied by a rich, 
varied, and closely related coniferous vegetation. In the ab- 
sence of microscopic characters, it becomes a matter of much 
difficulty to separate with certainty the fructifications of 
Cycads from those of some Conifers. 

Previous observations on this subject are hence quite limited. 
Of the supposed fossil Cycadean male fructifications, the pyri- 
form axis described by Williamson? has given rise to the most 
discussion. While it is not necessary to review the literature 
on this subject here, it may be mentioned that Seward," after 
declaring his belief that the Wealden ex camples of W illiamsonia 
are generically identical with Bennettites, writes as follows :— 
“As regards the question of maleand female inflorescence, I am 
unable to recognize any sexual differences in the various 
examples from the Wealden beds, and there does not seem to 
be any good reason for regarding the so-called male W7lliam- 
sonias among the Jurassic specimens as in any way proved to 
be of that nature. In comparing Williamsonia with Bennet- 
tites we have to rely solely on the female inflorescence of the 
latter plant, and it would seem, so far as our present evidence 
goes, we have more reason for speaking of W7lliamsonia as 
the female inflorescence. As to the nature of the male 
inflorescence we are still without satisfactory evidence.” As 
will be shown later, the present investigations add a strong 
degree of probability to this view, if they do not indeed 
demonstrate its correctness. The reviews of Solms-Laubach,’ 
and of Schimper’ who alludes to the male axis of Wil/iamsonia 
as a Pundanus-like form, may also be consulted. 

* The Cretaceous Rim of the Black Hills.—Journal.of Geology, vol. ii, pp. 
250-266, 1894. 
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The principal loose fossil fruits usually referred to by paleo- 
botanists as male fructifications of Cycadean origin are Andro- 
strobus Balduini, Saporta,‘ and Zamites familiaris, Corda.’ 
Still other and more problematical forms are mentioned by 
Seward,* and Solms-Laubach.’ In no case, however, is the 
microscopic structure preserved, or a knowledge of these forms 
at all complete. There is, therefore, no direct basis for com- 
parison between these conical fruits and the capsular male 
fructification of Cycadeoidea here discussed. 


\ 


f 
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Male flower bud of Cycadeoidea ingens, Ward. 
FiguRE 1.—Diagram of longitudinal section. 
FIGURE 2.— transverse 

a, group of sori; 0, fleshy outer wall; c, central cavity; d, a sorus; e, bract 
hairs; f, undetermined body; g, basal sorus; /, receptacle; 7, involucral bract ; 
k, peduncle. 

Both figures are natural size. 


The type specimen of Cycadeoidea ingens, Ward,” which 
bears the beautiful flower bud here described, is the type of 
the species, and is a magnificent trunk, nearly perfect, weigh- 
ing 304 kilograms (671 pounds). In Plate II, it is represented 
with the flower bud still in position near the summit, where it 
appears as a conelike projection 3°5 cm in height. Sections 
of this bud are shown in Plates III and IV. The trunk as 
seen in Plate II is inclined slightly forward to display the 
bases of a number of other buds of flowers equally advanced 
in growth, but not wholly preserved. 
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The main interior structures of this specimen are indicated 
in the diagrams figures 1 and 2, page 221, based respectively on 
the photographs of sections shown in Plate III, and in Plate LV, 
figure 1. 

Between this flower bud and the apex of the trunk, distant 
15 em, is a thickly-set mesh of stipulary chaff enveloping a 
series of finely-preserved, just emergent young leaves, which 
will be described later. 

As removed from the trunk for examination, the general 
shape of the flower bud was subcylindrical, with a slightly 
tapering base and a strongly tapering summit. The length, 
including a considerable portion of the peduncle, was 73 mm, 
the basal, middle, and apical diameters being 35, 45, and 25 
mm, respectively. Laterally it was covered with a series of 
imbricating involucral bracts, the summits of which had been 
eroded away. One very noticeable point was the division of 
the free summit into twelve subequal sectors by radiating 
lines apparently due to differentiation of tissues. 

The upper portion of the peduncle, figure 1, /, is seen to be 
traversed by a series of fibro-vascular bundles, many of which 
pass off into the involueral bracts. The latter are covered by 
a mat of fine hairs quite similar to those borne by the involu- 
eral bracts of Bennettites.* A number of much larger and 
coarser hairs also arise directly from the peduncle, between the 
bases of the bracts. The position of the receptacle is indicated 
centrally by nearly clear quartz, lacking well-detined structure, 
and peripherally by a shoulder-like offset bearing most of the 
involuere of bracts. 

The basal sori, figure 1, g, are not fully developed, and are 
irregularly distributed in pockets. Following this absence of 
arrangement, there is a soral grouping into eleven planes, which 
successively increase their angle to the floral axis until the 
terminal series rises vertically. It should be noted, however, 
that this arrangement is only apparent in longitudinal radial 
sections, situated at regular intervals with reference to the 
plan of the flower. In other sections, the sori are crowded 
together without a traceable arrangement, and the grouping in 
planes is obscured. 

Inside the fleshy spore-bearing portion of the flower, which 
may for convenience be termed the soriferal axis, is a central 
cavity of quite regular form, lined by a druse of quartz crystals, 
figure 1, ¢, in places resting on a thin layer of chaleedony, which 
in turn rests on the silicified tissue. 

At f, figure 1, is shown an undetermined cylindrical body 
which has its origin on the receptacle, and curves upward round 
the base of the soriferal axis, passing half-way up its side. As 
there are at least ten, if not twelve, of these bodies quite 
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regularly distributed in the same relative position, they are in 
some way connected with the floral plan, though not likely as 
essential organs. 

In figure 2, which is a diagrammatic sketch of the transverse 
section through the middle of the soriferal axis, based on the 
photograph shown in Plate IV, figure 1, the plan of the flower 
is clearly shown. There is first a series of imbricating bracts, 
the thickly-set hairs of which are not indicated in the sketch. 
These are in cross section quite thin and sealelike in the 
middle and upper region of the soriferal axis, especially the 
interior series. A cross section of the bracts near their origin 
is seen in Plate 1V, figure 2, which represents a section through 
the base of the flower, about 2 mm below the basal sori. At 
this height, the cross section of the bracts is approximately of 
the same form as that of the petioles of the trunk itself. 

Inside the involucre of bracts, figure 2, 4, is the fleshy integu- 
ment surrounding the cross area of soral distribution, whieh: is 
approximately that of a twelve-rayed star, with short points 
and a hollow center. This is a second clear indication that 
there is a general plan of twelve, the radial lines of the summit 
previously mentioned being the first. The sori tend strongly 
to arrange themselves in tandem pairs parallel to the sides of 
the twelve points, thus forming an approximation to twelve 
radial series of from four to six parallel V-shaped groups. 
Only the examination’ of a series of successive thin sections 
now being made will show how far the soriferal surfaces are 
barren or depart from this arrangement. 

It is obvious that the fleshy outer wall extends inward as 
a homogeneous tissue to form most, if not all, of the soriferal 
surface. Whether or not these surfaces had any connection 
with a central axis is obscured by the presence of the central 
vavity mentioned above. There does not, however, seem to 
have been any such connection. That there is in any ease a 
series of surfaces which must be regarded as the homologues 
of sporophylls is a point on which botanists will doubtless agree. 
The discoveries of Ikeno* and Webber," and the investigations 
of Lang,” do not leave any doubt as to the correct terminology 
of Cycadean inflorescence. 

The finer structure of these organs must be treated at 
ancther time, though it should be explained now that the sori 
are composed of from twenty to forty clavate sporangia. Each 
sporangium is about 1 mm in length and 545 mm in diameter, 
and contains 500 or more rounded or subangular bodies not yet 
completely studied, but undoubtedly the spores or pollen grains. 


With regard to the homology of these structures, several 
facts are worthy of mention. The radial divisions occurring 
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on the summit are found to persist for a considerable distance 
downward, and under the microscope are seen to be due to the 
presence of two lignitied layers, a single cell in thickness. 
They correspond to ythe twelve vertices of soral distribution 
mentioned above, and their presence is against the idea that 
the soriferal axis is derived from the fusion of the sporophylls 
of a male cone like that, for instance, of Zamia integrifolia. 
Another and much more tenable hypothesis is that the soriferal 
axis is a series of twelve fused leaves with their sorus bearing 
pinnules turned inwards. 

While it is evident that the inflorescence under consideration 
represents a development far in advance of that of existing 
Cycads, the most striking fact observed is the linear distribu. 
tion of the sori. This is an archaic character most marked 
in the Carboniferous ferns, especially the J/arattiacee, and 
their allied forms, living and extinct. 

It has probably been the opinion of all botanists, since it 
was discovered that Stangeria paradoxa was a Cyead and not 
a tree fern, as originally described, that the relationship between 
the Ferns and Cycads must be an exceedingly close one. All 
later investigations have tended to strengthen this belief. 
Scott” has recently stated that the evidence in favor of the 
filicinian ancestry of the Cycadew must now be considered 
overwhelming. 

It was scarcely to be expected, however, that forms bearing 
strong testimony on this point should display such a marked 
combination of advanced as well as ancestral characters. 


The further study of the Yale collection promises to afford 
many new details regarding Cycadean structure and affinity. 
In addition to the facts presented in this paper, it has been 
now determined for the first time that the leaf characters of 
Cycadeoidea were approximately those of Zamia and Dioon, 
and had the prefoliation of these genera. Moreover, the 
ancient forms, like the existing Cycads, were dicecious. 


In closing, the writer wishes to express his best thanks to 
Professors Marsh and Beecher for the indispensable aid he has 
received during the entire course of the present investigations. 
He is also indebted to Professor Lester F. Ward for valuable 


suggestions and reference to important literature. 


Yale Museum, New Haven, Conn, 
February 20, 1899. 
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SXPLANATION OF PLATES. 
PLATE II. 
Cycadeoidea ingens, Ward (type). 
Male plant; showing flower bud at summit. 
One-sixth natural size. 


PLATE III. 
Cycadeoidea ingens ; same specimen. 
Longitudinal section through male. flower. 
For details, see diagram in text, p. 221, figure 1. 
Twice natural size. 


PLATE IV. 
Cycadeoidea ingens; same specimen. 
Figure 1.—Cross section through middle of male flower; showing sori and 
bracts. 
FiGurRE 2.—Cross section through base. 
For details. see diagram in text. p. 221, figure 2. 
Both figures are twice natural size. 
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CYCADEOIDEA INGENS ; type specimen. 


Longitudinal section through male flower. 
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Art. XXIII.—Footprints of Surassic Dinosaurs ; by O. C. 
Mars. (With Plate V.) 


OnE of the most interesting geological discoveries during the 
past season in the Black Hills region was a locality of foot- 
prints evidently made by Dinosaurian reptiles in deposits of 
Jurassic age. These footprints are the first found in Jurassic 
strata in this country. They are all tridactyle, of large size, 
and were evidently made by some of the great Dinosaurs 
known to have lived during Jurassic time. 

The tridactyle footprints hitherto found in this country were 
nearly all discovered in the Triassic sandstone of the Connecti- 
cut Valley, and, as well known, were at first supposed to have 
been made by Birds. They have since been discovered in 
essentially the same horizon in New Jersey and also in New 
Mexico. In the same strata, many other footprints have been 
found, and among them numerous similar tridactyle impres- 
sions, some of which may possibly have been made by birds, 
but by far the greater number are evidently of reptilian origin. 
It is an interesting fact that the bones of Dinosaurs found in 
this horizon of the Triassic all pertain to animals of moderate 
size, and none are known large enough to have made any of 
the gigantic footprints so abundant in the Connecticut Valley. 

In the Jurassic formation of this country, on the contrary, 
the osseous remains of Dinosaurs of large size are especially 
abundant, and among these were not a few bipedal forms that 
must have made footprints very similar to the so-called 
bird tracks of the Triassic, but no footprints of any kind 
have hitherto been found, although diligently sought for in 
many localities. The present discovery fortunately supplies 
the much-desired information on this point, and the specimens 
already secured promise to throw much light on the life-history 
of this interesting group of reptiles that were the dominant 
forms of life during Jurassic time. 

When these footprints were first discovered, it was naturally 
supposed they were of Triassic age, as all footprints of similar 
character known in this country had been found in deposits of 
that formation. The great development of red Triassic beds 
in the same region, and their extension in a broad belt around 
the Black Hills, where they are generally known as the “red 
beds,” all seemed to favor such a supposition. The character of 
these beds of red shale and sandstone, all evidently deposited 
in shallow water, as shown by the ripple marks and other well- 
known features, indicated that footprints and other impressions 
would certainly be found in them if proper search were made, 
and this will doubtless prove to be the case. 
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The large footprints here described, however, are from a 
higher horizon, and one well within the limits of characteristic 
deposits of Jurassic age. Their position in the series of Meso- 
zoic strata encircling the Black Hills is indicated in the dia- 
gram, on page 229. This section is designed to show the succes- 
sion of the principal geological horizons above the Paleozoic 
in the Black Hills region. The lowest beds here represented 
are the red beds, already mentioned, which are mainly fresh- 
water deposits, and generally are referred to the Triassic 
formation. 

Next above these comes a series of sandstones, limestones, 
and shales, containing marine fossils, and named by the writer 
the Baptanodon beds, from a genus of large swimming reptiles 
there entombed. This horizon is readily recognized by charac- 
teristic marine invertebrate fossils, especially Belemnites, first 
described from this region about forty years ago by Meek,* 
who recognized the importance of the horizon. Above these 
marine beds are extensive fresh-water deposits of Jurassic age, 
which the writer has called the Atlantosaurus beds, from a 
gigantic Dinosaur specially characteristic of the horizon. It 
is in this series of deposits on the southwestern border of 
the Black Hills that the footprints here described were 
found, and it is a point of much interest that here, too, are 
entombed remains of large reptiles that probably made the 
same footprints, as will be shown later in the present article. 

These Atlantosaurus beds, though overlooked by many geolo- 
gists, have a great development around the margin of the Black 
Hills, especially along the southern and eastern borders. The 
bones of gigantic Dinosaurs mark the outcrop of this horizon 
at various points. The one best known, the writer explored 
personally in 1889, near Piedmont, South Dakota, and there 
obtained remains of an enormous Dinosaur, subsequently 
named Barosaurus.¢ During the past season, important parts 
of the rest of the type skeleton were secured for the Yale 
Museum, by G. R. Wieland of that University. With these 
fossils were found remains of a much smaller species, which 
may be called Barosaurus affinis. 

Above the true Atlantosaurus beds is a series of strata of 
shales and sandstones, the exact age of which is at present a 
matter of controversy. In this series, there are two or three 
layers which contain the remains of Dinosaurian reptiles 
differing somewhat from those below, but especially from those 
known in the well-detined Cretaceous strata above. The writer 
has now under investigation for the U. S. Geological Survey, 
various remains of vertebrate fossils from one of these layers. 
These fossils, with others secured from different localities in 
the same region, promise to clear up many of the doubtful 
points now remaining as to the age of these deposits. 

* Proc. Acad. Nat, Sci. Phila., vol. x, pp. 41-59, 1859. 
+ This Journal, vol. xxxix, p. 85, January, 1890. 
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The Cyead beds, as they may be termed, from the great 
number and variety of remains of this group of fossil plants, 
are abundantly represented around the rim of the Black 
Hills, apparently at a higher level, but, as the Cycad remains, 
although distinctive in ‘themselves, have not yet been found 
absolutely in place in undisturbed strata, their exact position 
in the series cannot at present be definitely fixed. Part of 
this series was formerly referred to the Dakota by various 
geologists, but this reference is fairly open to question, as the 
writer has shown elsewhere.* 


Recent. Tapir, Peccary, Bison 
Quaternary. Bos, Equus, Tapir us, Dicotyles, Megatherium, Mylodon. 


‘quus Beds. Equus, Tapirus, Elephas. 
Pliocene. 1 Pliohippus, Tapirarvus, Mastodon, Procamelus, 

Phohippus Beds. 1 Aceratherium, Bos, Morotherium, Platygonus. 

. -eras Beds Protoceras, Miohippus, Diceratherium, Thinohyus. 
Protoceras Bed § Oreodon, Eporeodon, Hywnodon, Ictops, Hyraco 
Miocene. Oreodon Beds, idon, Agriochwrus, Colodon, Leptochwrus 

Brontotherinm, Brontops, Allops, Titanopas, Titano- 
BrontotheriumBeds ¢ therium, Mesohippus, Ancodus, Entelodon 


CENOZOIC. 


‘er Tricer 8 1 ‘ux, Ornithomimus. 
Ceratops Ceratops, Trice ratops, Claosaurus, 
erate P Be d of Mammals, Cimolomys, Dipriodon, Selenacodon, 


Laramie Series. Nanomyops, Stagodon. Birds, Cimolopteryx, 


wic 
of Montana Group. Atlantochelys, Coniornis. 
Pteranodon Beds of Mosasaurs, Edestosaurus, Lestosaurus, Tylosaurus,. 
Colorado Series. Pterodacty]s, Piesiosaurs, turtles. 
Cycads, Cycadeoided. 
Cycad Beds. Dinosaurs, Barosaurus, Brontosaurus, Morosaurus, 
2 Diplodocus, Stegosaurus, Camptosaurus, Alio- 
Jurassic. AtlantosaurusBeds.  saurus. Mammals, Dryolestes, Stylacodon, Tinodon, 
Ctenacodon 

Baptanodon Beds. Baptanodon, Pantosaurus, Belemnites Trigonia, 

Pentacrinus. 


Triassic. Red Beds. A few plants. 


GEOLOGICAL HORIZONS ABOVE PALEOzoIC OF BLACK HILLS REGION. 


Well-marked Cretaceous strata, showing the characteristic 
yellow chalk of the Pteranodon beds of the Colorado series, are 
developed east of the Black Hills, and contain an abundance 
of characteristic fossils. These deposits the writer personally 
explored in 1889, and proved their identity with the well- 
known series along the Smoky Hill River in Kansas. 

Next above come the Atlantochelys beds of the Montana 
group, well developed, and marked by remains of gigantic 
turtles, as well as by characteristic mollusea, and other inverte- 
brates. The top of the Cretaceous east of the Black Hills is 
formed mainly by this group. On the western side of the 
Hills, the highest Mesozoic deposits are the Ceratops beds of the 
Laramie. These form one of the best-marked horizons known 
in any country, as here occur the gigantic horned Dinosaurs of 
the genus Triceratops and others, as well as numerous small 
Cretaceous mammals and birds. 

* This Journal, vol. vi, pp. 107, 115, and 197, August, 1898. See also, the 
present number, p. 219. 
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The Eocene is apparently wanting in the Black Hills region, 
and the Miocene at many points rests directly on Cretaceous 
strata. The Miocene is represented by three great horizons, 
each marked by an abundance of mammalian remains. The 
Brontotherium beds are at the base, the Oreodon beds next 
higher, while the Protoceras beds crown the series. The Plio- 
cene is also well developed, as shown in the section, with the 
Pliohippus beds below and the Equus beds above. Over all, 
the Quaternary and recent deposits are present, marked by an 
interesting and characteristic fauna. 

Below the series here given, the geological structure of the 
Black Hills, as well known, is briefly as follows: The central 
mass is Archean. Outside of this are Silurian strata with the 
Potsdam sandstone at the base, and limestones of upper Silu- 
rian age above. The Devonian is apparently wanting, and the 
Paleozoic ends with Carboniferous strata, mainly limestones. 

The age of the Atlantosaurus beds has long been demon- 
strated to be upper Jurassic, by the conclusive evidence of 
vertebrate fossils there entombed. Testimony from other 
kinds of fossils has not been wanting, and many new facts are 
coming to light. One noteworthy instance may be _fitly 
recorded here. Remains of the gigantic Dinosaur Barosaurus 
are characteristic of a definite layer in the Atlantosaurus beds 
on the eastern side of the Black Hills. Just above this layer, 
at various localities, there is a thin seam of arenaceous shale 
filled with remains of minute Ostracoda, and also containing a 
few fishes. As this seam has a definite position, its fossil con- 
tents became important in determining its exact age. Among 
the fish remains, a perfect tooth was readily recognized as 
Hybodus polyprion, Ag., a characteristic Jurassic fossil, found 
in the Dogger, at Stonesfield, England. 

A small piece of this shale containing the ostracods was 
sent to Prof. T. Rupert Jones of London, the highest author- 
ity on the subject, and in a letter to the writer, dated February 
9, 1899, he reports that in the specimen sent, three species 
were represented, namely, Cypridea punctata, Forbes, AJeta- 
eypris Bradyi, Jones, M. Whitei, Jones, all characteristic of 
the Purbeck. These new facts need no comment. It was 
already known that two of these species, identified by the same 
author, occur in the same horizon of the Atlantosaurus beds in 
Colorado, about four hundred miles further south. 

The general characters of the large footprints here described 
are well shown in those represented on Plate V, one-sixth 
natural size. In figure 1, page 231, are given the outlines of 
three other tracks, one-tenth natural size. These are from the 
same locality and horizon as those on Plate V. They are all 
reverse impressions, or natural casts, of the surface immedi- 
ately over the true footprints, which were made in a soft mud 
that has itself not been preserved sufticiently to retain the 
imprints originally made in it. 
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The interpretation of the various footprints here shown is 
fortunately a much less difficult matter than that of the huge 
tridactyle tracks from the Triassic, as in the latter case there 
was little except conjecture to assist in the investigation. In 
the present instance, however, it is known that abundant osse- 
ous remains of large Dinosaurs are imbedded in deposits of 
the same age, and in the same general vicinity. Some of 
these reptiles are known to have been bipedal, and quite large 
enough to make the footprints now discovered. Moreover, 
the structure of the feet of some of these animals is sufficiently 
well known to demonstrate clearly that in walking they must 
have made footsteps similar to, if not identical with, the fossil 
specimens here recorded. 

1. 
a, db. 


‘ 
‘ 


Figure 1.—Outlines of Jurassic footprints found with those shown on Plate V- 
a, footprint of large herbivorous reptile; %, footprint of large carnivorous 
reptile; c, footprint of smaller carnivorous reptile. 
All the figures are one-tenth natural size. 


As to the particular reptiles that made the present foot- 
prints, we have a hint in the impressions themselves. Some 
of these show marks of short and wide toes, suggesting that 
they were made.by the robust feet of herbivorous Dinosaurs. 
The other footprints show impressions of longer and more 
slender toes, such as are known in the carnivorous Dinosaurs, 
which lived at the same time and in the same region as the 
herbivorous forms, and, indeed, preyed upon them. In Plate V, 
the large figure on the left evidently represents the foot- 
print of a herbivorous Dinosaur, while the small one on the 
right, with slender toes, was probably made by a carnivorous 
form. Of the outline figures above, the one with the thick 
digital imprints (@) was doubtless made by a herbivorous rep- 
tile, while the other two (d and ¢) appear carnivorous in type. 

In selecting from this horizon the known Dinosaurs that 
might have made the present footprints, it would be safe to 
say that the genus Camptosaurus, especially some of its larger 
species, may be held responsible for the herbivorous footsteps, 
while its carnivorous enemy, Adlosaurus, had representatives 
to which the more slender impressions may naturally be due. 
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Other genera of carnivorous Dinosaurs are known to have 
lived in Jurassic time in the same region where these footprints 
were made, and among them Creosaurus and Labrosaurus 
would probably have left similar tracks, although the structure 
of their feet is not accurately known. Ceratosawrus, another 
carnivorous form, must also be considered, although not 
known from the region where the footprints occur, while 
Celurus is much too small to have made any of the impressions 
yet discovered. Figures 2 and 3 below show the bones of 
hind feet of Camptosaurus and Allosaurus, the Dinosaurs 


above mentioned. 
2. 


Figure 2.—Left hind foot of Camptosaurus dispar, Marsh. 
Figure 3.—Left hind foot of Allosaurus fragilis, Marsh. 
Both figures are one-twelfth natural size. 

One point worthy of mention is, that both Camptosaurus 
and several of the carnivorous forms are known to possess, in 
addition to the three birdlike main digits, a rudimentary toe 
on the inner side of the hind foot, representing the first digit. 
This toe, however, was too short to make an impression in 
ordinary walking on the ground, but might leave a mark 
where the surface was very soft. No indications of such 
marks have been found with these footprints, however, and 
could hardly be expected under the circumstances. 


The fossil footprints here described were found by H. F. 
Wells, in 1898, in the Atlantosaurus beds, on the southwestern 
border of the Black Hills in South Dakota. The specimens 
are now deposited in the Yale Museum. 

Yale University, New Haven, Conn., 

February 21, 1899. 
EXPLANATION OF PLATE V. 
Footprints of Jurassic Dinosaurs from the Black Hills, South Dakota. 
One-sixth natural size. 
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Art. XXIV.— A new Kansas Meteorite; by Henry 1. 
Warp, Rochester, N. Y. 


In October last Sam G. Sheaffer, Esq., Attorney-at-Law, of 
Ness City, Kansas, called our attention to a meteorite that he 
had in his possession; and which, after some correspondence, 
he sent to Ward’s Natural Science Establishment for the pur- 
pose of disposing of it. 

Mr. Sheaffer writes that “it was found about a year ago in 
the southwest of this, Ness County, 
Kansas. Was picked up on the side 
of a draw, i. e., a dry creek, where 
the surface had been eroded.” 

In form it is a triangular pyramid 
with the base set obliquely to its per- 
pendicular. 

A mass of some weight had long 
ago separated from the lower left 
hand corner, as seen in the figure ; 
but whether before, upon, or after 
reaching the earth it is now impos- 
sible to determine from the fractured 
part. Several slight depressions 
appear on the surface, which are 
rather too sharply indicated in the accompanying figure. The 
edges of the nearly plane faces meet in rounded angles. 

The meteorite is 92™™ in length, 64"™ across its widest face, 
left to right of figure, and 49™ in thickness, measured per- 
pendicularly to the widest, and also largest, face. The termi- 
nation had been chipped away for the purpose of ascertaining 
its meteoric character before it was sent to us. The weight of 
the mass is 417 grams. 

This is not a prepossessing meteorite. It entirely lacks the 
black crust characteristic of aerolites; and so strongly sug- 
gested a weathered marcasite concretion that we were at first 
skeptical as to its meteoric origin. However, tests for iron and 
for nickel were both affirmative, and a polished chip showed 
the former well distributed as minute specks through the mass. 
A complete analysis has not yet been made. 

To our knowledge but one other meteorite has been described 
from Ness County, Kansas. That is the Kansada aerolite 
designated by the name of the town near which it was found. 
The locality whence came the specimen under consideration, 
‘Section 2, Township 20, S. of Range 21 west, is not marked 
by a town; and I therefore propose to designate this meteorite 
as the Ness County. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysIcs. ‘ 


1. On the Density and Composition of Liquid Aiv.—Experi- 
ments have been made by LapENBURG and KRUGEL on the density 
of liquid air of varying composition. The method employed was 
to weigh a glass rod, whose density at 4° was known, in the 
liquid air contained in a silvered Dewar bulb, by means of a 
Mohr balance, and to calculate the density from the loss in 
weight. At the same time, the composition of the air was deter- 
mined by Bunsen’s method, suitably modified for the purpose. 
In this way three estimations were made. In the first, the 
liquid air used was freshly prepared ; in the second it had been 
allowed to stand some time until a portion of the nitrogen had 
volatilized ; while in the third, it was not used until the second or 
third day after its preparation, The density of sample one was 
found to be 0°9951, and its content of oxygen 53°83 per cent; 
that of sample two was 1°029, and its oxygen 64°2 per cent; 
that of sample three was 1°112 and its oxygen 93°6 per cent. 
Three facts appear here for the first time: first, that liquid air is 
lighter than water; second, that the liquid air poorest in oxygen 
contains over 50 per cent of this element; and third, that the 
last portions, consisting of nearly pure oxygen, have a density 
greater than that of liquid oxygen itself. Moreover the density 
of the gas from this residue was found to be greater than that of 
gaseous oxygen; it being 1°125 while that of pure oxygen is 
1:1056. This is due probably to an admixture either of carbon 
dioxide or possibly of krypton. From these data the density of 
ordinary atmospheric air containing 20 per cent of oxygen, and 
which is not yet obtainable in the liquid state as such, should be 
calculable, either by geometric or algebraic methods. If the con- 
tent of oxygen be plotted as abscissas and the density as ordi- 
nates, three points are obtained lying nearly in a straight line. 
Prolonging the line connecting either two of these points till it 
cuts the ordinate drawn through 20°9 per cent oxygen, values for 
the density are obtained lying between 0°887 and 0°908,. For air 
free from oxygen, i. e., for pure nitrogen, a value of about 0°84 is 
obtained, Olszewski having obtained 0°85. Or analytically, as- 
suming that the three points lie on a curve of the second degree 
such as y = a+ be + cx’, the constants a, > and ¢ can be caleu- 
lated from the experimental values of y the density, and ~ the 
oxygen-content, above given. So that the equation becomes 

y = 0°77892 + 0°00463x% — 0°00001152”". 
For the value « = 20°9 per cent of oxygen, this equation gives as 
the value of y, the density, 0°8707. Hence were it possible to 
liquefy atmospheric air without the more rapid evaporation of the 
nitrogen, it would have a density between 0°87 and v'90. The 
authors have applied the same method to the determination of the 
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density of liquid oxygen and of ethylene. Both gases were liquefied 
in U-tubes immersed in liquid air. Two experiments with differ 
ent glass rods, gave for oxygen at the boiling point of liquid air (be- 
tween —183° and —188°) a density of 1°105-1°108; these values 
becoming 1°1]0 and 1°113 when the correction for the change in 
volume of the glass is applied. Olszewski’s value at —181°4°, the 
boiling point of oxygen, was somewhat higher, 1°110 to 1°137. 
On passing ethylene gas into a tube immersed in liquid air in a 
Dewar globe a crystalline mass of solid ethylene is at once ob- 
tained, whose melting point was found to be —169°, and its 
boiling point —105°4° at 760"™™" pressure. The density of the 
liquid ethylene at —169° was found to be 0°6585 and at —105°4°, 
0°5710. Methane made from sodium acetate and barium oxide 
gave variable results, probably from the presence of hydrogen 
and perhaps of ethylene.— Ber. Ber/. Chem. Ges., xxxii, 46, Jan- 
uary, 1899. G. F. B. 
2. On Semi-Permeable Membranes.—Experiments which have 
been made by Misers have led him to differ from the opinion of 
Ostwald that semi-permeable membranes are not only conductors 
like metals but are also “ion sieves.” He calls attention to the 


fact that the copper which is deposited on semi-permeable mem- 
branes possesses the nature of a spongy mass rather than a 
coherent one. If a glass cylinder be closed by a membrane of 
copper ferrocyanide on parchment paper, and be filled with nor- 


mal solution of copper sulphate, and then placed in an electrolyz- 
ing vessel containing the same solution, the current from two 
Bunsen cells being passed through it, it is found that no copper 
is deposited on the membrane during the first half hour, a deposit 
taking place only when the liquid in the cylinder has become 
nearly colorless. On weighing the cathode, which is placed in 
the cylinder closed by the membrane, both before and after the 
experiment, it is observed that the amount of the deposited cop- 
per is in excess, by a considerable amount, of that which was 
previously contained in the solution in the cylinder, showing that 
copper must have passed through the membrane. Placing a pla- 
tinum cathode in acidulated water in a similar cylinder closed by 
a membrane, and putting this in an electrolytic vessel containing 
copper sulphate solution, metallic copper is deposited in a few 
minutes on the cathode; and after four hours the amount of this 
copper is more than a hundred times that contained in the precip- 
itated copper ferrocyanide on the membrane, which retains its 
color and is not acted on by the acid. The author’s experiments 
seem to show that semi-permeable membranes are conductors 
differing entirely from metals. Thus if, in a copper sulphate 
electrolyzing vessel the anode and cathode are separated by a 
semi-permeable membrane held between two rings of ebonite, and 
by a sheet of platinum of exactly the same size as the membrane, 
no metal is deposited on the membrane when the current passes, 
the deposit taking place on the platinum near the center, the 
margin being protected by the ebonite.—Rev. Trav. Chim., xvii, 
177, 1898; J. Chem. Soc., |xxiv (ii), 505, November, 1898. 
G. F. 
Am. Jour. Sct.—Fourta Serres, Vou. VII, No. 39.—Marcu, 1899. 
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8. On the Solution of Platinum and Gold in Electrolytes.—It 
has been observed by MarcuE tes that if an electro-magnet pro- 
vided with a vibrating armature be made to act as a contact 
breaker to the current from two Daniell cells, an electrolytic cell 
provided with platinum or gold electrodes being included in the 
circuit, the metal can be made to dissolve in hydrochloric, nitric 
or sulphuric acid, or in potassium or sodium hydrate. The solu- 
tion always takes place from that electrode which is for the time 
being the anode. It is helped in some way, however, by the dis- 
charge current from the magnet, as the current from the battery 
alone does not effect the solution, neither when continuous nor 
intermittent.— Wied. Ann., |xv, 629-634, June, 1898. G. F. B. 

4. Aqueous Solutions of Metallic Gold.—By treating a feebly 
alkaline boiling solution of gold chloride with a reducing agent, 
ZstGMONDY has shown that a red aqueous solution of metallic 
gold may be obtained.* Formaldehyde seems to be the best 
reducing agent, less satisfactory results being given by acetalde- 
hyde, alcohol and hydroxylamine. Sometimes the solution, in- 
stead of being red, is dark purple, violet or bluish black and 
appears turbid. The solutions of gold are very dilute, only about 
0°005 gram of gold to the hundred cubic centimeters. They 
undergo no change when boiled until reduced to less than half 
their volume, when they become violet-black and deposit gold as 
a black powder. The solutions may. be concentrated by dialysis, 
which become intensely red and contain 0°12 per cent of colloidal 
gold. Solutions of neutral salts and mineral acids change the 
color to blue and slowly precipitate finely divided metallic gold. 
Potassium ferrocyanide produces a green coloration, subsequently 
becoming yellow. Acetic acid gives a violet red and finally a 
black. Alkalies precipitate blue gold. Alcohol in excess changes 
the color gradually to dark violet, precipitating the metal com- 
pletely in a condition in which it is soluble in water. When sub- 
mitted to the action of a current, aqueous solutions of gold act 
like other colloids; the metal travels toward the cathode, but 
does not penetrate the membrane.— Liebig’s Annalen, ecci, 29-54, 
June, 1898. G. F. B, 

5. On the Explosion of Mixtures of Methane and Air by the 
Electric Current.—Extended experiments have been made by 
Covrior and Meunier on the action first of incandescent wires 
and second of electric sparks, on mixtures of methane with air in 
various proportions, the gas being sometimes at rest and some- 
times in motion. A mixture of 80 per cent of methane and 20 
per cent of air, in motion, could not be fired by an incandescent 
wire nor even by the spark at the break when the wire fused ; 
though it readily ignited in contact with a flame. If an electric 
current produces any effect at all on a mixture of methane and 
air, the only effect is an explosion. But under no circumstances 
were the authors able to produce an explosion with an incandes- 
cent wire. Whenever an explosion was produced it was due to 
the spark produced at the breaking of the wire. A mixture con- 


* See Faraday’s Exp. Res in Chem. and Phys., p. 411. 
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taining 9°5 per cent of methane is the most readily explosive. 
The combustion is complete so long as the methane does not fal 
below 5°5 per cent. Even with 4°5 per cent slight explosion 
were noticed. With 12 per cent of methane, the explosibility 
reaches its maximum limit, no explosion having ever been obtained 
when the proportion was as high as 12°25 per cent. 

In a subsequent paper, the authors state that if the current by 
which the wire is heated be shunted with a parallel wire, the pro- 
duction of the spark causes no ignition of the gas, if the resist- 
ances are equal in the two branches. If the shunt-resistance is 
high, or on the other hand if this resistance falls below a certain 
value, the production of a spark always produces an explosion. 
To avoid an explosion therefore the current strength must not 
exceed a certain maximum depending on the resistance of the two 
branches of the conductor.— C. R., cxxvi, 750, 901, March, 1898. 

G. F. B. 

6. On a Crystallized Compound of Cuprous Chloride and 
Acetylene.—It has been pointed out by CuavasreLon that on 
treating cuprous acetylide with hydrochloric acid in the cold, an 
appreciable evolution of gas takes place ; due probably to the 
decomposition on warming of a compound of cuprous chloride 
and acetylene. Further investigation showed that this compound 
may be prepared either by the action of acetylene on a solution 
of cupric chloride in alcohol or in water, in presence of metallic 
copper, or by passing this gas into a saturated solution of cuprous 
chloride in dilute hydrochloric acid, at a temperature at or below 
12°. By the latter method, which is preferable, large hexagonal 
crystals are obtained belonging to the orthorhombic system, hav- 
ing the composition C,H,: Cu,Cl,. By the former process, silky 
crystals are yielded, which are liable to contamination by a violet- 
purple deposit, formed early in the reaction. Both products alter 
readily on exposure to the air, and are at once decomposed by 

water or by solutions of alkali chlorides, with evolution of acety- 
lene and the production of the above mentioned violet- -purple sub- 
stance. The crystals dissociate on warming without explosion, 
producing at 78° a pressure of 262°.—C. R., exxvi, 1810-1812, 
1898. G. F. 

Matter, Energy, Force and Work, A plain presentation of 
Fundemental Physical Concepts and of the Vortex-atom and 
other Theories. By Sitas W. Hotman, Professor of Physics 
(Emeritus) Mass. Institute of Technology. 12mo, pp. Xiv, 257. 
New York, 1898 (The Macmillan Co.).—The aim of this book, as 
the preface tells us, is to present some fundamental ideas and defi- 
nitions of physics in a plain and logical manner. The subject 
matter proper is contained in the first part, the definitions and 
views there given constituting “a sporadic attempt at clear con- 
secutive setting forth of individual thought.” The second part 
consists of speculations on matter and energy. T'wo new terms 
are introduced, kinergety and weightal. Kinergety in the abstract 
sense denotes “the idea of capacity for kinetic energy” and in 
the concrete sense “the quantity of this capacity.” Weightal is 
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defined to be “ quantity of substance measured by the equal-arm 
balance.” With regard to the vortex-atom theory, Lord Kelvin 
writes to the author “I am afraid it is not possible to explain all 
the properties of matter by the vortex-atom theory alone.” “I 
have not found it helpful in respect to crystalline configurations, 
or electrical, chemical or gravitational forces.” The book con- 
tains a thoughtful presentation of fundamental physical concepts 
and cannot fail to be of much service to those students who 
desire a philosophic knowledge of modern theories. G. F. B. 

8. Uranium Radiation, and the Electrical Conduction pro- 
duced by it.—A very exhaustive investigation of this subject has 
been published by Prof. Rurnerrorp of McGill University. 
Becquerel had stated that the uranium rays differed from the 
Rontgen rays in this respect, that they can be refracted and polar- 
ized. Professor Rutherford cannot find any evidence of refrac- 
tion or polarization. The theory of ionization adopted by the 
author supposes that the rays in passing through a gas produce 
positively and negatively charged particles and that the number 
produced per second depends on the intensity of the radiation 
and the pressure. The term ion does not assume that the ion is 
necessarily of atomic dimensions. These ions are supposed to be 
carriers of electricity. Prof. Rutherford examines the theory that 
energy is absorbed in producing the ions and that the absorption 
is proportional to the number of ions produced and thus depends 
on the pressure. If this theory is correct he points out that we 
should obtain the following results : 

(1) Charged carriers produced through the volumes of the gas. 

(2) Ionization proportional to the intensity of the radiation and 
the pressure. 

(3) Absorption of radiation proportional to pressure. 

(4) Existence of saturation current. 

(5) Rate of recombination of the ions proportional to the square 
of the number present. 

(6) Partial separation of positive and negative ions. 

(7) Disturbance of potential gradient under certain conditions 
between two plates exposed to the radiation. 

The experiments performed by the author indicate that the 
theory affords a satisfactory explanation of the electrical con- 
ductivity produced by uranium radiation. He shows also that 
the uranium radiation is complex, and that there are present at 
least two types, which he terms a- and f-radiations. The char- 
acter of the B-radiation seems to be independent of the nature of 
the filter through which it has passed, and passes through all 
substances tried with far greater facility than the a radiations. 
The photographic effects are due principally to the B-radiations, 
except when the uranium compounds are placed close to the pho- 
tographic plate. The experiments on transparency of metallic 
plates are not in accordance with those of Becquerel. The 
absorption of the f-radiation in gases is probably of the same 
order as that of the X-rays.— Phil. Mag., January, 1899, pp. 
109-163. J. T. 
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9. On the Silver Voltameter and its use in determinations of 
normal elements.—In a contribution from the Reichsanstalt, K. 
Kane discusses the subject and gives the results of a careful 
inquiry of the electromotive force of a Clark and a Cadmium 
cell, and a comparison with previously obtained results by means 
of a Helmholtz electrodynamometer (Wied. Ann., lix, p. 532, 
1896) of the electrochemical equivalent of silver. The final value 
obtained is E = 1°1183 mg /sec. which is in accordance with the 
previously obtained value.— Wied. Ann., No. 1, pp. 1-36, 1899. 

J. T. 

10. Absorption of light by a body placed in the magnetic field.— 
Ruier discusses the work of investigators who have occupied 
themselves with the phenomena of absorption discovered by him. 
It is shown that the Zeeman effect is accompanied by a rotation 
of vibrations of which the wave lengths are close to those of the 
radiations absorbed. According to Becquerel and Voigt, one 
could predict this rotation from the facts of anomalous disper- 
sion. Rhigi does not believe with MM. Corbino and Macaluso 
that the rotation constitutes the principal cause of the appearance 
of light in his experiments; for the condition that the phenom- 
ena of rotation may be observable, namely, great length of rays of 
absorption, is not necessary and is even prejudicial. One cannot 
maintain absolutely that Rhigi’s experiments would lead to the 
discovery of the Zeeman effect. They reveal the existence of a 


phenomenon less simple—a Zeeman effect together with rota- 
tions, more or less simple, of vibrations which, it may be, always 


accompany it.— Comptes Rendus, No. 1, pp. 45-48, January, 1899. 
J. 


Il. GroLoGy AND MINERALOGY. 


1, Recent Earth Movement in the Great Lakes Region ; by 
Grove Kari Gineert. (From the Eighteenth Annual Report 
of the Survey, 1896-97. Part II.)—The question as to the exist- 
ence at the present time of progressive changes of level between 
the water and land in the region of the Great Lakes is one not 
only of great theoretic interest, but also of much practical impor- 
tance, since a relative rise of the water may have a profound 
effect upon the value of property on the shores of the Lakes. 
This subject is discussed by Mr. Gilbert with great care and 
thoroughness. He remarks upon the earth movements which 
characterized the closing epochs of the Pleistocene Period, as 
clearly brought out by the studies of Dr. Spencer, Mr. F. P. Tay- 
lor, and others, of the shore lines of the early glacial lakes that 
covered more or less of the region. He quotes Dr. Spencer (1894) 
as urging that this change of level has not ceased, and that it will 
eventually turn the water of the Upper Lakes southward to the 
Illinois and Mississippi Rivers, leaving the Niagara channel dry. 
This is one consideration which has weight in the matter. 

Another is found in the condition of the estuaries which show 
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a close resemblance to features observed along the subsiding 
parts of the Atlantic coast, and give an impression that a slow 
flooding of the stream valleys is still in progress. A third point 
noted is the accepted fact that the Atlantic coast, south of Con- 
necticut, is subsiding, as has been estimated (Cook) for New Jer- 
sey about two feet in acentury ; while the land about Hudson and 
James bays has risen (Bell) perhaps five to seven feet in a cen- 
tury. These facts all point in a common direction, warranting the 
hypothesis that the tilting of the Lake region which went on at 
the close of the glacial times, as shown by the slopes of old shore 
lines, is still in progress. 

The author notes at the outset a paper by Mr. G. R. Stuntz 
(1869), in which he argued, in the case of Lake Superior, that 
there was a gradual rise of water at the west end of the lake, and 
a fall of the same at the east, referring this to a westward canting 
of the basin, the western part becoming lower as compared with 
the eastern. 

With this introduetion the author goes forward to discuss the 
plan of investigation, and the data available, with also certain 
special observations made in 1896. The stations are taken in 
pairs, the points being so chosen as to most satisfactorily show 
what change of level, if any, has been going on. An absolute 
conclusion is difficult to reach, since very few “of the observations 
are above question because of the doubt as to the stability of the 
individual base levels involved. Still the candor and fairness 
with which the author weighs the evidence is worthy of all praise 
and gives his conclusions great value. 

He decides that the harmony of the measurements, and their 
agreement with the predictions of geological data, makes so 
strong a case for the hypothesis of tilting that it should be 
accepted as a fact, although some doubts exist concerning the 
stability of the gauges. The mean rate of change deduced is 
0-42 foot to one hundred miles in a century ; but this depends 
upon certain assumptions which he does not regard as altogether 
probable, and he notes that the change indicated by Stuntz’s 
observations is much more rapid. It would seem then that the 
assumption is justified that the whole Lake region is being lifted 
on one side or depressed on the other, so that its plane is ~ bodily 
canting toward the south-southwest, and that its rate of change 
is such that the two ends of a line one hundred miles long, and 
lving in a south-southwest direction, are relatively displaced four- 
tenths of a foot in one hundred years. Certain general conse- 
quences follow from this assumption (eliminating irregularities 
due to difference of rainfall, evaporation, etc.). Thus, on Lake 
Ontario, the water is advancing on all the shores. This is also 
true of Lake Erie, the most rapid change, of eight or nine inches 
in a century, being at Toledo and Sandusky. About Lake Huron 
the water is falling more rapidly in the north and northeast. At 
Lake Superior the water is advancing on the American shore and 
sinking on the Canadian. Similar relations exist for Lake Michi- 
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gan, the water falling in the north and rising in the south, at 
Chicago some nine or ten inches. The ultimate result would be 
the discharge of the lakes through the Illinois river, the channel 
of the Pleistocene glacial lake being occupied anew. The high- 
water lake discharge may begin in 500 to 600 years, for mean 
lake stage it will begin in 1,000 and after 1,500 it will go on 
uninterruptedly. In about 2,000 years the Illinois river and 
Niagara will carry equal portions of the surplus water of the 
Great Lakes, and in 3,500 there will be no Niagara. The author 
adds : “ The most numerous economic bearings of this geographic 
change pertain to engineering works, especially for the preserva- 
tion of harbors and regulation of water levels. But the modifica- 
tions thus produced are so slow as compared to the growing 
demands of commerce for depth of water that they may have 
small importance. It is a matter of greater moment that cities 
and towns built on lowlands about Lakes Ontario, Erie, Michigan, 
and Superior will sooner or later feel the encroachment of the 
advancing water, and it is peculiarly unfortunate that Chicago, 
the largest city on the lakes, stands on a sinking plain that is now 
but little above the high-water level of Lake Michigan.” 

The paper closes with a statement of certain definite plans 
made for precise measurements at selected stations, for example, 
at Chicago, Port Huron, Parry Sound, and Mackinaw, which if 
they can be carried out systematically, must in time lead to a 
very definite solution of the problem in hand. 

2. On the Petrology of Rockall Island.——Professor J. W. Jupp 
has recently described a remarkable rock under the name rockallite 
from the isolated point which rises from a shoal above the waves 
of the North Atlantic 240 miles west of Ireland. It appears to 
be a remnant of an intrusive sheet resting on sediments. The 
tiny islet has long been known under the name of Rockall. Prof. 
Judd’s paper forms one of a series of memoirs descriptive of 
this remarkable island.* As this rock is of very interesting char- 
acter a brief description will be of interest to petrographers. 

It is of granitic character but with an approach to a porphyritic 
structure in places owing to the idiomorphic outlines of the lath- 
shaped feldspars, which allies it to the granite porphyries. In 
composition it is very simple, being made up of egirite, albite and 
quartz in the following proportions: wgirite 39, quartz 38, 
albite 23. 

The egirite is found in larger crystals and in fine needles, and 
shows at times brown acmite zones. The albite is twinned accord- 
ing to the albite and Carlsbad laws and its phenocrystic sections 
contain egirite. The quartz is the last mineral to form and fills 
the interspaces. A little apatite and soda amphibole are present. 
The specific gravity varies from 2°9-2°7. In the more porphyritic 

* Notes on Rockall Island and Bank with an account of the Petrology of Rock- 
all, and of its winds, currents, etc.: with reports on the Ornithology, the Inverte- 
brate Fauna of the Bank and on its previous history. Transactions of the Royal 
irish Academy, vol. xxxi, Part III, pp. 39-98, plates ix to xiv. 
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variety a little groundmass is present. The chemical analysis 
gave these results : 

SiO. Al,O; Fe.0; MnO NiO MgO CaO Na.O K,O P,O,; 

7360 470 1310 ‘93 ‘06 ‘ll 37 696 tr. tr. = 99°83 


In this TiO, and FeO were not determined. The analysis is 
remarkable for the low alumina, the high iron and the absence of 
potash. In these respects it is most closely related to the groru- 
dites of the south Norway region and to some of the lavas of 
Pantellaria. From them it differs however in its granitic struc- 
ture, the higher proportion of girite and in the character of its 
feldspar. The introduction of its name as a varietal one in the 
alkaline granite group is therefore justified. L. V. P. 

3. Recherches géologiques et pétrographiques sur le massif du 
Mont Blane ; by L. Durarc et L. Mrazec (Mem. Soc. de Phys. 
et Hist. Nat. de Genéve, xxxiii, No. 1, 4°, pp. 227, pl. 33, 
1898).—In this great work the first part is devoted to a full 
account of the topography of the Mont Blane massif and the 
position it occupies in the system of the Alps. Then follows a 
very full petrographic investigation of the eruptive rocks and of 
the relations existing between them followed by a similar account 
of the crystalline schists which accompany them. A very large 
number of analyses of the types described is also given. 

The fourth part is devoted principally to the description and 
theory of the metamorphic phenomena produced by the proto- 


gine in the crystalline schists with which it is in contact. The next 
part is a description of the sedimentary rocks involved in the 
mass and the whole concludes with a discussion of the tectonic 
processes and of the folds and uplift which they have produced. 
In addition to the large number of half-tone plates of scenery 
and rock sections, a number of excellent geologic sections in 


color are given. The authors regret that the expense prohibited 
an accompanying publication of the geologic map they have made, 
a regret in which all readers will agree with them. 

The whole is an exhaustive monograph and gives the results of 
an enormous amount of painstaking labor both in the field and in 
the laboratory. It is one of the most important contributions to 
Alpine geology which has appeared in recent years. L. V. P. 

4, Native Silver in North Carolina; by G. F. Kunz. (Com- 
municated.)—In June, 1898, while some mining was being carried 
on at the West Prussian Mining Company’s land, at Silver Hill, 
near Livingston, Davidson Co., N. C., an interesting deposit of 
native silver was brought to light. An inclined shaft was sunk 
to a depth of 75 ft., near a mixed mass of sulphides of lead, zinc, 
copper and iron, associated with a vein of green rock, in places 
weathered and decomposed almost to a white clay. In and 
through this, a soft, slaty mass of- native silver was found, dis- 
seminated in grains and plates presenting the appearance of hav- 
ing been absorbed in the interstices of the slate, and varying in 
size from minute grains and scales of metal to pieces several 
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square inches in area, and up to one-fourth of an inch in thick- 
ness; the largest single mass weighing, with some of the adherent 
slate, about 5 lbs. 

The sulphides are not crystallized; but appear to be almost 
homogeneous and are comparatively rich in lead and zine, an 
average assay yielding 35 per cent of zinc and 20 per cent of 
lead, with 25 ounces of silver and one-fourth an ounce of gold to 
the ton. An assay made by Dr. A. R. Ledoux proves the silver 
to be almost absolutely pure, containing only 1 per cent of native 
gold. The silver occurs in veins, with more or less open spaces, 
and showing very minute crystals on the upper and lower part of 
the vein. A near view, side-ways, reveals it to be in fibrous 
masses and ropes, having all the appearance of sweating out of 
the rock, probably a result of the decomposition of the chloride, 
leaving the silver in fine, fibrous masses, varying from short ropes 
10 millimeters in diameter to the fineness of a hair. 

The specimens and information were kindly furnished by 
Wyndham H. Wynne, of Glendalough, Ireland. 

5. On the occurrence of polycrase in Canada; by G. Cur. 
Horrmann. (Communicated.)—Fine examples, of what on ex- 
amination by Mr. R. A. A. Johnston. proved to be polycrase, have 
been found by Mr. C. W. Willimott, in the township of Calvin, 
district of Nipissing, in the province of Ontario. It occurs here 
in the form of crystalline masses—one of which weighed rather 
more than seven hundred grams—associated with xenotime, a 
highly altered, cleavable massive form of magnetite, and small 
quantities of a brownish-red spessartite, in a coarse granite vein, 
composed of quartz, microcline, albite or oligoclase, muscovite 
and biotite, which is there found cutting a reddish, fine-grained, 
hornblendice gneiss. The mineral has a pitch-black colour; an 
uneven, in parts subconchoidal fracture; a resinous lustre; is 
brittle; and affords a grayish-brown streak. Its specific gravity, 
at 15°5° C., is 4°842. A very carefully conducted qualitative 
analysis showed it to contain—Niobic oxide, large amount ; tan- 
talic oxide, somewhat small amount; titanic oxide, large amount ; 
yttrium oxide, somewhat small amount; thorium oxide, small 
amount; stannic oxide, trace; cerous oxide, small amount; lan- 
thanum oxide, small amount; didymium oxide, small amount ; 
uranous oxide, small amount; ferrous oxide, small amount ; mag- 
nesia, trace; water, very small amount. Zirconia was sought for, 
and found to be absent. 

6. Zhe Kaolins and Fire Clays of Europe, and the Clay- 
working Industry of the United States in 1897; by — INRICH 
Rizs. From the Nineteenth Annual Report of the U.S. Geologi- 
cal Survey, 1897—1898.—Professor Ries has here brought together 
a large amount of important information on the occurrence, com- 
position and general use of the clays from the important localities 
in Europe. This is chiefly based upon the personal observations 
of the author during recent visits to the localities themselves. 
The value of the paper will be appreciated when the importance 
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of the industry in this country is considered, and at the same time 
the very impertect and fragmentary amount of information which 
has already been published in the various technical journals. A 
brief summary is also given of the clay industry in the United 
States. 

7. On the Origin of the Gases evolved on heated Mineral Sub- 
stances, Meteorites, ete.—A paper by M. W. Travers in the 
Proceedings of the Royal Society (No. 405) discusses the evolu- 
tion of gases from various minerals and meteorites, especially 
with reference to their origin. His conclusions are somewhat at 
variance with those ordinarily accepted, in that the experiments 
go to prove that in the majority of cases, the gas evolved under 
the influence of heat is the product of decomposition or inter- 
action of non-gaseous constituents present in the substance under 
examination. It is conceded that compact minerals do inclose 
carbon dioxide and hydrocarbons as easily liquefiable gases; but 
the analogy cannot be extended to gases such as hydrogen and 
helium in connection with readily cleavable minerals like chlorite, 
mica and cleveite. The special importance of the conclusions here 
reached lies in the fact that it invalidates the conclusion reached 
in regard to the origin and history of the substances in question. 
This is partly true in the case of meteorites. 


III. Borany anp Zoouoey. 


1. Symbole Antillane seu Fundamenta Flore Indiw Occiden- 
talis ; editit Ignatius Ursan. Vol. I, Fasc. 1 continet: I, Ign. 
Urban : Bibliographia Indiz occidentalis botanica, pp. 3-192. 
Berolini, 1898 (Fratres Borntraeger).— Within recent years, Pro- 
fessor Urban has published numerous papers dealing with the 
flora of the West Indies. His articles have appeared in various 
German journals and have of necessity been somewhat scattered 
and disconnected. It is now his intention to publish the further 
results of his studies in this domain in a series of papers under 
the above title, the various fasciculi to appear at indefinite periods 
and to deal mainly with difficult or neglected families, the descrip- 
tion of new genera and species and the geographical distribution 
of plants on the islands. This first paper contains a list, arranged 
alphabetically according to authors, of the numerous works deal- 
ing with the botany of the West Indies, but it is much more than 
a mere enumeration. After each title, which is given in full and 
also in a shortened form suitable for citation, follows an abstract 
of its contents, and, in the case of taxonomic papers, an indica- 
tion as to where the plants described are at present preserved. 
Especially valuable are the many references to works published 
in Spain or in the West Indies themselves, many of which are 
difticult of access and therefore little known to botanists. 

A. W. E. 

2, Plant life: considered with special reference to form and 
function ; by Cnaries Rew Barnes, Professor of Plant Physi- 
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ology in the University of Chicago; pp. x +428, with 415 figures 
in text. New York, 1898 (Henry Holt & Company).—As stated 
in the preface, Professor Barnes’ text-book attempts “to exhibit 
the variety and progressive complexity of the vegetative body ; 
to discuss the more important functions ; to explain the unity of 
plan in both the structure and action of the reproductive organs ; 
and finally to give an outline of the more striking ways in which 
plants adapt themselves to the world about them.” ‘The four 
parts into which it is divided deal accordingly with the following 
subjects: I. The Plant Body; II. Physiology; III. Reprodue- 
tion; and IV. Ecology. It will be seen, therefore, that the book 
is very comprehensive in its plan and that most of the great 
divisions of modern botany receive a certain amount of attention. 
The topics are, with few exceptions, treated according to recent 
researches, but the very comprehensiveness of the subject makes 
great conciseness necessary, and it is to be feared that some of 
the statements are so concise as to be obscure, at least to pupils 
from thirteen to eighteen years of age, for whom the book is pri- 
marily intended. The arrangement of the subject-matter, also, 
although logical, might readily lead the pupil to believe that a 
plant is composed of certain definite and more or less discon- 
nected parts, instead of being an organism whose parts, although 
distinct enough from a formal standpoint, are nevertheless so 
intimately connected and so dependent upon one another that 
they form a most definite whole: in other words, that botany is 
the study of plant-organs rather than of plants. For example, 
under “ simple sporangia” on page 316, the sporangium of Mucor, 
the ascus of Peziza and the tetrasperangium of Polysiphonia are 
described in due order; but, if we wish to find other facts about 
Polysiphonia, we must look on page 32, for a description and 
figures of the vegetative structure, and on page 289, for a figure of 
the cystocarp: and other, even more striking examples might be 
quoted. The short section on ecology, which, as the author 
implies, is largely abridged from two recent German works, is an 
interesting feature of the book, and, it is to be hoped, will demon- 
strate to teachers how very useful this important department of 
botany might become for purposes of instruction, At the close 
of the book are five appendixes in which laboratory directions, 
lists of apparatus, reagents and reference books, and a very brief 
outline of classification are given. A. W. E. 
3. Rhodora: Journal of the New England Botanical Club, 
Vol. I, Nos. 1 and 2, January and February, 1899. Boston and 
Providence.—After mature consideration, the New England 
Botanical Club has decided to publish a journal devoted to the 
interests of New England botany. The first two numbers have 
recently appeared, and the editorial announcement states that 
the journal will devote special attention to matters connected 
with the geographical distribution of New England plants and to 
the revision of difficult or misunderstood groups of species. It 
also states that “not only flowering plants, but ferns, mosses and 
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thallophytes will receive their proportionate share of attention.” 
Some idea of the character of the matter presented may be 
obtained from the following titles, selected from the numbers 
before us: rattlesnake plantains of New England (with plate) ; 
notes on algze ; a new wild lettuce from Massachusetts (with plate); 
notes on some fleshy fungi found near Boston ; some plants about 
Williamstown ; fairy-rings formed by Lycopodium; bryophyte 
flora of Maine. A. W. E. 

4, Catalogue of the Lepidoptera Phalenew in the British 
Museum, Vol. I, Syntomide; by Grorce F. Hampson. With 
17 colored plates. 8vo. London, 1898.—This is the first volume 
of a proposed catalogue of all the known genera and species of 
moths. The introduction contains a brief statement of the 
external structure of the Lepidoptera and an analytical key to 
the families. This is followed by the account of the Syntomide, 
a family of very pretty moths which is confined almost exclusively 
to tropical and subtropical regions. Nearly twelve hundred 
species are described and the genera and subgenera illustrated by 
285 figures in the text. The plates contain about 370 beautifully 
colored illustrations of new or hitherto inadequately figured 
species, but, as they are not essential to the plan of the work, 
they are issued separately, so that the text may be sold at a much 
less price than if the plates were combined with it. 


IV. MiIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Report of 8. P. Langley, Secretary of the Smithsonian Insti- 
tution, for the year ending June 30th, 1898.—The annual reports of 
the working of the Smithsonian Institution are always of much 
interest, because of its remarkably wide range of activity. One 
of its most important functions is the international exchange ser- 
vice, and the map of the world here introduced, which shows the 
distribution of its correspondents, sets forth in a very telling man- 
ner the perfection to which this system has been carried. Not 
only are correspondents very numerous in the well-known coun- 
tries, but we find, for example, 99 in China, 204 in Brazil, 24 in 
Iceland, etc. The total number of correspondents is very nearly 
30,000. 

Much of interest is given in regard to the workings of the 
Smithsonian in every direction, but we can only speak particu- 
larly of the Astrophysical Observatory. Mr. C. G. Abbott, in 
charge, enumerates as follows the most important features of 
the work of the past year: 

1. The instrumental equipment has received valuable accessions, 
including a highly sensitive galvanometer, designed’ and con- 
structed at the Observatory ; two cylindric mirrors by Brashear 
(which, as used for collimation of the-spectroscope, are equivalent 
to a lens of 64 meters focal length), and, finally and most import- 
ant of all, a system of cooling by the expansion of ammonia, 
which has made possible an extension of constant temperature 
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conditions to cover the five months of March, April, May, Sep- 
tember, and October, otherwise frequently too warm. At pres- 
ent the change of temperature of the inner room between these 
warmer and the coldest winter months is only a fraction of a 
degree centigrade, and during an hour’s observation it is gener- 
ally less than one-tenth degree, the control being automatic. 

2. Many bolographs of the infra-red solar spectrum have been 
taken, which, in consequence of these improvements, have 
yielded results threefold richer in “real” detail corresponding to 
solar and telluric absorption lines than any hitherto obtained. 

3. About 40 of these bolographs have been compared, as de- 
scribed in the Appendix to the Secretary’s Report for 1896, and 21 
of the most perfect have been measured upon the comparator to 
determine the positions of the deflections found to be “ real,” or, 
in other words, corresponding to either solar ortelluric absorption 
lines. These comparator measurements included about 44,000 
separate observations. 

There have thus been found over 700 absorption lines in the 
infra-red solar spectrum between wave-lengths 0°76 s and 6°0 y, 
an increase of about 500 over last year’s results. 

4. With the purpose of making a more accurate determination 
of the wave-lengths corresponding to the well-determined posi- 
tions of the absorption lines discovered in the rock-salt prismatic 
spectrum, a very exact comparison of the dispersion of rock 
salt and fluorite has been made. This comparison will allow the 
indirect employment of certain recent and apparently very accu- 
rate determinations of the wave-lengths in the fluorite prismatic 
spectrum. Apparatus has been made ready and certain prelimi- 
nary observations have been taken to directly measure the dis- 
persion of rock salt. It is hoped that these steps will result in 
furnishing the wave-lengths of the infra-red absorption lines to a 
degree of accuracy corresponding to the exactness of the deter- 
mination of their prismatic deviations. 

5. Many interesting instances of local variations in the absorp- 
tion have been noticed. Among these by far the most striking is 
a great decrease in the absorption at the longer wave-length side 
of the great band # at about 1°4 4. ~=This change occurred about 
February 15, 1898, and caused the bolographs to take on quite a 
different form at the place in question. This new form continued 
through the months of March and April, but in the month of 
May the usual form was gradually restored. It is found, by 
reference to former bolographs, that this marked decrease in 
absorption at this point takes place annually at about the same 
period, which coincides (fortuitously or otherwise) very nearly 
with that at which there is the greatest activity of growth in the 
vegetable kingdom. This raises the question whether the growth 
of vegetation does not abstract from the air great quantities of 
some selectively absorbing vapor active in absorption at this wave- 
length. 

Whether such be the case or not future investigation must 
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determine, but enough variations in the absorption have been 
observed to indicate that the Observatory is now in condition to 
make advances along the line indicated in the Secretary’s Report 
for 1892, in which is pointed out the important relations of astro- 
physics to meteorology. 

2. Physical Geography ; by Wiua.1am Morris Davis; pp. 
Xviii, 428, with nine plates, etc. Boston, 1899 (Ginn & Co.).— 
This volume has the necessary elements of a high grade text- 
book: it is scientifically accurate, contains no unnecessary matter 
and is written ina pleasing manner. The earth’s features are not 
only described, they are explained, and the reader is led to see a 
rational meaning in the varied land-forms about him. The 
student is constantly reminded, also, of the way in which phys- 
ical features and climate have influenced man in his settlements, 
industries and manner of life. 

The illustrations deserve special praise both in their selection 
and mechanical execution, The numerous “ block-diagrams ” are 
particularly valuable. Education in general and the out-of-door 
sciences in particular will be benefited by the introduction of just 
such text-books into secondary schools. H. E. G. 

3. The Annual Report of the Director of the Field Columbian 
Museum to the Board of Trustees, for 1897-98. Report Series, 
Volume I, No. 4. Chicago, October, 1898.—This Report gives an 
interesting summary of the work of the Field Columbian Museum 
for 1897 and 1898. The numerous illustrations introduced give 
views of many of the rooms with their collections, and also of 
some of the objects of particular importance. 


OBITUARY. 


Prof. Louis W. Peck, for several years of the department of 
Physics in the University of Minnesota, died in Tucson, Arizona, on 
December 26th, in the 47th year of his age. He was born in Provi- 
dence, R.1., and was educated in the Mass. Institute of Technology. 
Healso served an apprenticeship in the Harris Corliss Engine Works 
in Providence. Prof. Peck’s contributions to science were made in 
the investigation of the flouring mill explosion that occurred in 
Minneapolis, Minn., May 2, 1878. The mills exploded and then 
burned. They were insured against loss by fire and it became a ques- 
tion of great importance whether fire caused the explosion or the 
explosion caused the fire. Prof. Peck contrived a simple appara- 
tus by which he showed that flour and wheat dust, when mixed 
with air in suitable proportions, would explode with terrific force 
if ignited with fame. Glowing charcoal and white hot platinum 
wires would not ignite the mixture, hence the conclusion was 
inevitable, confirmed by collateral evidence, that the mills were 
on fire before they exploded. Prof. Peck’s results were embodied 
in a paper which was published in the Popular Science Monthly, 
xiv, p. 159, and the London Journal of Science, xvi, p. 666. This 
paper was widely copied and reviewed. 8. ¥. P. 


SYSTEMATIC COLLECTION 
For teaching MINERALOGY, GEOLOGY and ZOOLOGY a specialty. Single specimens also 


furnished. 
RELIEF MAPS AND MODELS. 

The one establishment in America where correct and artistic work in this line is done. 
Send for list of 48 Relief Maps for Schools and Colleges. 

LANTERN SLIDES, CHARTS, ETC. 
METEORITES. 

A good price paid for all kinds. Have the best machinery for cutting and polishing. Have 
now on hand for sale about FOUR TONS OF METEORITES from 40 cents to $200 per Ib. Among 
them are Cafion Diablo complete, 40 cents to $1.00 per pound. Polished and etched sections '%4 
to 5 cents per gram. 

Per Gram. Per Gram. 
8to 5cents. Cross Roads (5), . ‘ $3.00 

New Concord, ° 5 to 10 cents. 

Winnebago, . i 8to15 “ 
Beaver Creek (6), - 
Kessen, . ° 15 
Llano del Inca (3) 2 Mt. Joy (7) . 8 to 12 
Fayette Co (4), . . 

(1) Described in this Journal Sept., 1895. (2) Ibid Nov., 1887. (3) Proc. Roch. Acad. 

Vol.1. (4) This Journal Aug., 1888. (5) Ivid July, 1893. 


EDWIN E. HOWELL, 612 17th St., N. W., Washington, D. C. 


ROY HOPPING, 


5 and 7 Dey Street, near Broadway, 
NEW YORK CITY. 


MINERALS FOR SCIENTIFIC and EDUCATIONAL PURPOSES 


FLOS FERRI FROM STYRIA. We have received a box of 50 snow- 
white specimens, direct from Eisenerz, the well-known flos ferri locality in far 
eastern Austria, 25c., 35c., 50c.. T5c. 

MAGNESITE VARIETY PINOLITE, the pure cleavable magnesite in 
rhombohedral cleavage masses, the only typical magnesite. Although an import- 


ant carbonate, we doubt if many collectors have other than compact amorphous 


specimens of this species. A good specimen will complete your carbonates, 
24x 3 inches, 35c. 
MOUNTAIN LEATHER, a variety of asbestos, in flat white sheets, 10c. 
OUR NEW CATALOGUE, 1899, bound in heavy boards, 10 full page 


plates (1 colored) including 118 crystal figures. A number of the most interest- 


ing extracts from recent articles, postpaid 25c. 
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CHOICE SPECIMENS. 


Tetrahedrite, in handsome, well 
crystalized specimens from Hun- 
gary and England. $0.50 to $10 


Barite, an unusually good selection 
of nicely crystallized examples 
from England, Bohemia and Hun- 
gary at prices ranging from 

/ $0.20 to $3.00 

YY > Diaspase, Chester, Mass. <A fine 
assortment, both crystallized and 

massive, at - - $0.50 to $3.50 


Lepidocrocite, good cabinet specimens of this interesting 
mineral, from Westphalia. - - - $1.25 to $3.50 


Kuaxenite, Norway. Contains many of the rarer elements 
and should be represented in every collection. 

$0.35 to $2.75 

Libethenite, several good specimens of this copper phos- 

phate, from Hungary. - $1.25 to $2.25 


Schorlomite, good specimens from Arkansas. $0.20 to $3 


Anorthite, Japan. Fine crystals of this interesting tri- 
clinic mineral. Values from - $0.05 to $1.00 


Fluorite, an unusually good stock of handsome specimens, 
embracing many varieties of color, from England. 
$0.20 to $12.00 
SYSTEMATIC COLLECTIONS. 

For thirty-seven years we have made a specialty of collec- 
tions for educational institutions. 

Special attention is called to our collections illustrating 
Prof. E. S8. Dana’s ‘‘ Minerals and How to Study Them,” and 
Prof. R. 8. Tarr’s ‘** Elementary Geology,” circulars of which 
will be sent on application. 


CATALOGUES. 
TGS $o. 20 
College Collection of Minerals, 44 pages...........:cccceceeees .10 
Normal School Collection of Minerals, 30 pages........ 
Meteorites, 24 illustrations, 80 pages ....... 


WARD’S NATURAL SCIENCE ESTABLISHMENT, 


28—40 COLLEGE AVE., ROCHESTER, N. Y. 
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